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> STRANGE possibilities are suggested when physicists speak of the” 
anihilation of the proton by the anti-proton. What kind of stuff is 
this which vanishes like a conjuring trick, in a flash, when it meets 
its opposite number, which is the heart of ordinary hydrogen? 

Of paramount interest to the physicist in connection with anti- 
proton’s discovery is the fact that his computations have been proved 
correct. He needed the anti-proton to complete the set of particles 
theoretically possible. Tracks found in the thick emulsion photographie 
plates used for cosmic ray studies have suggested that there are 
anti-protons in space beyond our atmosphere. Now the California 
bevatron, set up to create these theoretical particles, proves their 
existence. When kept in a vacuum, the particles are found to be stable, 

Presumably the anti-proton is a new material particle, the same 
kind of entity as the proton and the neutron. It is not an energy 
manifestation, like the electron, the positron or the photon. 

Once the proton was considered the unit of positive electricity, 
spite of the difference in weight and quality between it and the tiny 
energy particle, the electron. Then discovery of the positron gave 
the electron a companion like itself but positively charged. This left 
the proton without an opposite number, a situation now remedied. 

About all that is known of the anti-proton so far is its trick of 
vanishing when it unites with the proton. Whether all the mass 
represented by the two particles is changed into energy by the en- 
counter, or whether some new, uncharged substance is saved from 
the wreck is not yet known for sure. Physicists will take one step at a 
time to find how the anti-proton fits into the cosmic scheme. 

Considering the enormous energy required to generate the few 
anti-protons achieved, there seems no need for anxiety about anihila- 
tion of matter on a large scale. 
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> Bevatron at the University of California which created the anti- 


proton, the first time this negative counterpart of the proton has been 
man-made. The particle was found to be stable in a vacuum. 


Anti-Proton Created 


>» Evipence that the strangest 
nuclear particle, the anti-proton, 
actually exists was announced by 
Dr. Ernest O. Lawrence of the 
University of California, Berkley, 
and simultaneously by the Atomic 
Energy Commission. 

Annihilation of matter would 
result from the explosion caused 
by a meeting of the anti-proton 
with its opposite number, the pro- 
ton. Protons are hearts of hydro- 
gen atoms. 

Theoretically possible, the anti- 
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proton has been announced sever- 
al times in recent years, only to 
meet disproving evidence. Yet 
scientists still believed in the pos- 
sibility of finding in cosmic rays 
or creating in giant accelerators 
this negative counterpart of the 
proton. 

Now the newest contestants for 
the honor of finding an incon- 
testable anti-proton are Drs. 
Owen Chamberlain, Emilio Segre, 
Clyde Weigand and Thomas 
Ypsilantis of the University of 





California. They were aided by 
Herbert Steiner and Dr. Edward 
J. Lofgren. 

They created the negatively 
charged particle in the bevatron, 
the University’s huge cyclotron 
of improved design. This ma- 
chine, shown on page one of this 
magazine is capable of accelerat- 
ing particles of relatively heavy 
masses to energies measured in 
billions of electron volts. 

A new era of nuclear research, 
rivaling that which led to the 
atomic bomb, is foreseen by Dr. 
Lawrence as the result of the 
anti-proton creation. 

The antiproton is a heavy par- 
ticle of the same mass but of op- 
posite electrical charge from the 
proton, which is one of the funda- 
mental particles found in all 
atomic nuclei. 

The particles are created when 
protons, the nuclei of hydrogen 
atoms, are fired in the Bevatron 
at an energy of 6.2 billion electron 
volts. When one of these protons 
hits a neutron, part of the original 
energy of the projectile particle is 
converted into two new particles 
—an anti-proton and a_ proton. 
Nearly a billion volts goes into 
each new particle. 

The existence of such particles 
has been suspected for a genera- 
tion. Physicists have based their 
calculations on a belief in anti- 
protons. But the particles had 
never been identified, and the 
long lag had caused some physi- 
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cists to doubt the reality of anti. 
protons. 


One of the major results of the 
discovery is to eliminate doubt 
about one of the basic tenets of 
atomic physics. By clearing the 
nuclear air, physicists may now 
be able to forge ahead to new 
ground. Studies of the action of 
the particles may lead to new in. 
sight into the nucleus. 


As Dr. Lawrence, Nobelist and 
cyclotron inventor, stated it: “Re. 
calling that at the beginning of 
the past quarter century the dis. 
covery of the positive electron set 
off the remarkable developments 
in nuclear physics that followed, 
one cannot help but 
whether the discovery of the anti- 
proton. . . likewise is a milestone 
on the road to a whole new realm 
of discoveries in high energy 
physics that are coming in the 
days and years ahead.” 


Charged atomic particles occur, 
according to theory, in pairs with 
electric charges of opposite sign 
The meeting of two such par 
ticles, alike except for their 
charges, results in an explosion 
which turns the material particles 
into bursts of energy. This has 
been found to be true when an 
electron, which has a_ negative 
charge, meets its positively 
charged twin, a positron. Such 
meetings have been recorded on 
photographic film. Tracks caused 
by the oppositely charged parti- 
cles vanish in the record of an 
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explosion and different kinds of 
tracks, evidence of waves of 
energy, are found leaving the site 
of the collision. A much greater 
explosion would result from an- 
nihilation of the larger particles, 
proton and anti-proton. 

much 


than 
are al- 


Protons, which are 
nuclear particles 
electrons and _ positrons, 
ways found carrying positive 
charges only. Yet there should 
theoretically be similar particles 
with negative charges. Physicists 
have named these anti-protons 
and have guessed that they may 
exist outside earth’s atmosphere. 
Tracks ascribed to anti-protons 
were found in cosmic ray studies 
reported in 1951 by Dr. J. G. 
Retallack of Indiana University, 
Bloomington, Ind. In April, 1954, 
Dr. Bruno Rossi of Massachusetts 
Institute of Technology reported 
to the American Physical Society 
a “most unusual” cosmic ray 
photograph in which he believed 
he had found evidence of the 
mysterious anti-proton. 


heavier 


In the same year the annihila- 
tion of matter seemed to have 
been signalled in a burst of cos- 
mic energy of ten million billion 
electron volts discovered by Prof. 
Marcel Schein and colleagues of 
the University of Chicago in a 
photographic emulsion flown to 
100,000 feet altitude. 


Prof. Schein concluded that this 
extraordinary event was the actu- 
al annihilation of “anti-matter,” 
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an anti-proton that came in from 
outer space with this incredibly 
high energy. 

There is no known “practical” 
application of the anti-proton dis- 
covery. No one can imagine now, 
for example, how anti-protons 
could be used to generate energy 
as neutrons do in fission. 

The discovery does not change 
the familiar planet ary model of 
the atome nucleus. The discov- 
erers pointed out that antiprotons 
do not “live” in nuclei, as do pro- 
tons and neutrons. They can “ 
only outside nuclei, 
in high energy 
clysms. 


live” 
being created 
nuclear cata- 


Prior to completion of the beva- 
tron, the only previous source of 
anti-protons was believed to be 
cosmic rays. It is suspected that 
anti-protons are rare, however, in 
cosmic rays, and this rarity is the 
reason they had not been identi- 
fied earlier, in nature. 

The experiments so far, 
versity of California sources re- 
port, have been done with a 
variety of radiation counters. At- 
tempts are now being made to 
detect anti-protons on _ photo- 
graphic emulsions and in cloud 
chambers placed in the bevatron 
beam. Such photographs might 
help to clarify events that have 
been photographed in the past. 

Essentially, the Berkeley sci- 
entists devised a series of selec- 
ting instruments which formed a 
kind of “maze” through which 


Uni- 
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only particles with those charac- 
teristics predicted for the anti- 
proton could go. 

The scientists had to find a 
particle with a negative charge 
and a mass equal to that of the 
proton. 


The charge was determined 
automatically, since the particles 
were in the beam of negative par- 
ticles bent outside the bevatron 
magnet. 


The mass was determined by 
measuring the momentum and 
velocity of the particles. The 
momentum was obtained by the 
curvature of the particles in two 
magnetic fields. 

Velocity was measured by a 
“stop watch” timing of the flight 
of anti-protons between two 
counters; and the use of a novel 
fused quartz Cerenkov counter 
developed by Drs. Chamberlain 
and Wiegand. 

The scientists said the mass of 
the particles they have observed 
is equal to that of the proton, with 
an error of 5 per cent. The anti- 
protons are stable in a vacuum, 
and do not decay (disintegrate ) 


Synthesize Poison 


> A DEADLY poison that probably 
figured in many an assassination 
in the ancient world has been 
made synthetically for the first 
time by two University of Wis- 
consin chemists. 
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spontaneously. Mesons, on the 
other hand, have a _ short life. 
time, and quickly decay. 

The anti-proton does annihilate 
(vanish, giving rise to some other 
form of energy) when it comes 
into contact with matter. When. 
for example, the anti-proton 
comes into contact with a proton 


the two particles immediately 
transform into mesons, which 
quickly disappear. 

The discovery verifies the 


electrical charge symmetry of na- 
ture—for each known charged 
particle there is a_ particle of 
equal mass with opposite charge. 
The first evidence for anti- 
protons came in bombardments 
on September 21. About 50 anti- 
protons have been observed. The 
scientists decided the 
was conclusive after 
ments on Oct. 17. 


evidence 
bombard- 


The bevatron has fulfilled one 
of its major purposes. The ma- 
chine was constructed to generate 
energy somewhat in excess of 
that predicted for antiproton cre- 
ation. The AEC spent some $9- 
500,000 in construction allocations 
beginning in 1948. 


Known to Ancients 


Found naturally in such plants 
as gorse, broom and _ laburnum, 
the alkaloid chemical cytisine has 
been made in the laboratory of 
Prof. E. E. Van Tamelen and 
graduate student John Baran. 


CHEMISTRY 


Tell | 
Aton 


>A 
cal 
tellir 
and 
join 
of C 
new 
histo 
Tk 
stell: 
ed r 
bein; 
lems 
have 
been 
of th 
Dog 


abou 


Ris 
work 
sun, ¢ 
meth 
stars 
opme 

Th 
Heny 
and t 
Levie 
of th 
diatio 
the | 
Ener 


The 
simple 
UNIV 


Nove? 


XUM 





the 


fe- 


ate 
her 
nes 
en, 
ton 
ton 
telly 
rich 


the 

na- 
rged 
» of 
ge. 
anti- 
rents 
anti- 

The 
lence 
yard- 


L one 

ma- 
erate 
ss ot 
1 cre- 
> $9. 
ations 


plants 
mum, 
ne has 
ory ol 
n and 
an. 


MISTRY 


Tell Future of Stars by 


Atom Smashers and Electronics 





Hydrogen for 500 Million Years 


> A xinp of combined astronomi- 
cal “archaeology” and “fortune- 
telling.” in which atom smashers 
and a giant electronic “brain” 
join forces, is helping University 
of California scientists spell out 
new details of the life-to-death 
history of stars. 

This approach to the study of 
stellar evolution has already yield- 
ed new evidence that stars are 
being formed all the time. Prob- 
lems about the way matter be- 
haves at high temperatures have 
been uncovered. And the future 
of the research model, Sirius, the 
Dog Star, has been predicted for 
about a billion years. 


Right the scientists are 
working out the evolution of the 
sun, and probably will apply their 
method later in studies of other 
stars in various stages of devel- 
opment. 


now 


The researchers are Drs. Louis 
Henyey and Karl-Heinz Boehm, 
and two physicists, Dr. Robert Le 
Levier and Richard Levee, both 
of the Livermore site of the Ra- 
diation Laboratory, operated by 
the University for the Atomic 
Energy Commission. 


The method of the scientists is 
imple. They feed the Livermore 
UNIVAC data proposing the 
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chemical and physical conditions 
that may have existed when the 
star was formed. They add other 
data about the physico-chemical 
reactions that take place inside 
stars — some of it obtained from 
atom-smashing experiments. Then 
the scientists let UNIVAC work 
out the reactions that take place 
in a period of millions of years. 
These calculations would take 
months by other methods, but 
UNIVAC solves them in minutes. 

When the machine brings the 
star up-to-date, the scientists com- 
pare the results with known con- 
ditions. If the comparison is 
good, the scientists know that 
details worked out about the star’s 
earlier history are correct. And 
they can work on the star’s future 
with some assurance of accuracy. 

The scientists have shown that 
Sirius is somewhat less than 100 
million years old which is much 
younger than the earth. Since it 
was formed much later than the 
creation of the universe, around 
five billion years ago, the results 
suggest that stars are being born 
all the time. 


According to the new case his- 
tory of Sirius, it apparently was 
formed from a primordial cloud 
of dust and gas. Soon after its 


- 


od 





formation Sirius was only half as 
hot, about 150 times bigger in 
volume, and yellowish instead of 
white. 

It was radiating energy at a 
tremendous rate, contracting and 
heating up. Soon the temperature 
rose enough to support thermonu- 
clear reactions, in which hydro- 
gen atoms fuse into helium atoms. 


Sirius apparently has about 500 
million years to go to deplete the 
hydrogen at its core. At the end 
of that time, its core will have 


expanded about one and one-half | 
times over its present size, and it 
will turn yellow again. 

The scientists followed the fy. 
ture of Sirius for several hundred 
million more years, when they ran 
into a new type of thermonuclear 
reaction, in which helium may 
begin to fuse into carbon. At this | 
point the California researchers | 


encountered new problems in? 


physics and chemistry which must 
be solved before any serious spec- 
ulations can be made about what 
happens next. 


On the Back Cover 


> NITROMETHANE, d liquid used 
in the motors of model engines, 
and a possible future fuel for high 
flying aircraft is manufactured, 
together with other nitroparaffins. 
in these towers. The new indus- 
trial plant at Sterlington, La., is 
the result of an industrial re- 
search project carried out jointly 
by Purdue University and_ the 
Commercial Solvent Corporation 
for the past 20 years. 
Nitromethane is a compound 
of nitric acid with the simplest 
chemical in a series of hydrocar- 
bon compounds derived from pe- 
troleum. The product is related to 
but less dangerous than the ex- 


plosive chemicals used in war 
Adding the nitrogen chemical 
group to the paraffin oils intro- 
duces oxygen into the molecule, 
which allows the fuel to burn at 
high altitudes where there is less 
oxygen in the atmosphere to sup- 
port combustion. 


Heavier and more comple 
members of the chemical series 
begun by nitromethane hav 
found uses in the composition of 
dyes and plastics. Waxes and neu 
kinds of synthetic rubbers ar 
other products in which the neu 
nitrogen-containing materials will 
find use, the chemists stated. 





It is now possible to fill the four chambers of the heart with a chemical 
that makes them stand out in an X-ray chart to demonstrate position, 
size and shape of the chambers and the sequence in which they fill. 
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Chemicals Against Cancer 


1d it | Fail Because Cell Adapts 
. 
| Cell Adaptation 
prs > CHEMICALS which at first in- 
may | jure cancer cells fail after a time 
- this | because the cancer cell is so very 
chers | adaptable. The same factor ex- 
s in? Plains why cancers that are at 
must | first sensitive to X-rays, radium 
spec. and other sources of radioactivity 
what later become resistant to radia- 
tion. 
This explanation was given by 
Dr. E. V. Cowdry of Washington 
University, St. Louis, at a New 
York Academy of Sciences meet- 
war, |S 
»mical Similar acquired resistance may 
intro. face attempts to kill off cancer 
ecule, cells by viruses, Dr. Cowdry said. 
urn at| These particulate agents enter the 
is less f cancer cells and seem to destroy 
o sup-| them by their rapid multiplication 


and utilization of nutritive mater- 
ials needed for survival by the 


moles cancer cells. Such viruses starve 


ser) the cancer cells as the cancer cells 
have) starve the body. Time may be 
‘ton 0}! insufficient for adaptation. 

1 neu as ; 

' Scientists at the meeting took 
San 

™ anew look at the pre-cancer cell 
1e neti 





| with the object of finding better 
ways to identify it so that early, 





ils wil 












1. preventive or curative treatment 
might be undertaken. 

ical No one property of cancer cells 

ion, can be singled out and labeled as 
the reason why they do so much 
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Ils Cancer Factor 


damage, Dr. Cowdry said. Their 
behavior depends on their genetic 
constitution and their tissue fluid 
environment. 


He gave the following five 
properties usually shown by 
cancer cells: 1. relatively high 


water content, 2. motility and in- 
vasiveness, 3. multiplication un- 
regulated by the usual controls, 
4. short individual lives during 
which cytoplasmic storage is at a 
minimum, and 5. active protein 
synthesis, indicated by intense 
ribonuclease activity and large 
nucleoli, monopolizing nutritive 
materials needed by all other 
cells. 


Steps to Germ Destruction 
> Four steps in the body’s com- 
plicated process for destroying 
invading disease germs and, per- 
haps, other alien cells such as 
cancer, have been found by scien- 
tists at Johns Hopkins University. 
Production of antibodies, famil- 
iar to everyone who has followed 
the polio vaccine story, constitutes 
only one requirement for success- 
ful destruction of alien cells. 
Equally important is a substance 
called complement, which works 
with the antibodies. 


Complement is a mixture of 





four proteins. It abounds in nor- 
mal blood. Complement acts in 
the following four steps, the can- 
cer society report states: 

1. Two of complement’s four 
protein components, utilizing the 
electrostatic double charge of cal- 
cium, are bound to chemicals on 
the surface of the invading cell. 
If charged calcium is not there, 
this initial reaction cannot take 
place, and the body cannot de- 
fend itself. 

2. With doubly charged mag- 
nesium present, a third comple- 
ment compound further reacts 
with the complement-cell combi- 
nation. If magnesium is not pres- 
ent, this defensive chemical step 
cannot take place. 

3. The remaining complement 
component then reacts with the 
complement-cell combination, 
which now has gone through the 
calcium and magnesium-induced 
steps, and this final blow damages 
the cell. 


4. The damaged cell dies and 
becomes a ghost, releasing the 
contents which had endowed it 
with life and function. 


The studies which showed this 
were made by Dr. Manfred M. 
Mayer assisted in various parts 
of it by Drs. Lawrence Levin, 
Herbert J. Rapp, A. Alvin Maruc- 
ci, Kenneth M. Cowan and Abra- 
ham G. Osler. The research was 
supported by the American Can- 
cer Society, the National Science 


§ 


Foundation, the Office of Naval 
Research and the Sidney M. Cone 
Foundation. 


Unstable Smoke Chemicals 

> In soxtvinc the problem of | 
whether cigarette smoke causes 
lung cancer, scientists must con- 
sider unstable, “easily excited’ 
chemical compounds of limited 
lifetime, Drs. Hermann Druckrey | 
and Dietrich Schmahl point out 
in a report of experiments at 
Sloan-Kettering Institute for Can- 
cer Research. 

Dr. Schmahl is from the Chi: | 
rurgischen Universitaetsklinik at! 
Freiburg, Germany. 

The fluorescence of solutions of 
tobacco smoke in benzene or pe- | 
troleum ether shows, they found, | 
that both stable and _ unstable | 
compounds exist in the smoke. 
The unstable compounds account 
for 90% of the fluorescence of the 
smoke under ultraviolet light. 


These unstable compounds may 
or may not be cancer-causing 
Their chemical nature is not 
known. Because they are unsta- , 
ble, they may break down before 
the smoke from cigarettes is con | 
densed and they may not all get 
into the tobacco tars. 





Cancer-causing power of smoke 
condensates and of tobacco tars 
it appears, may therefore, not 
give the true picture of the cam 
cer-causing power, or lack of it 
in cigarette smoke. 
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Russian Physicist Describes His 
independent Improvement of Cyclotron 


Acceleration of Charged Particles 
Part 1. 


by Viapimair I. VEKSLER 


Durinc the past few years, the 
experimental physicist has solved 
the problem of producing in the 
laboratory particles with energies 
of the order of thousands of mil- 
lions of electron-volts. Previously, 
such particles were observed only 
in cosmic rays, and then only in 
insignificant quantity. The arti- 
ficial production of intensive 
beams of particles possessing such 
energy, the generation of which 
by direct acceleration would have 
needed electric fields of the order 
of thousands of millions of volts, 
made possible the discovery and 
study of a number of phenomena 
of fundamental importance in the 
physics of the atomic nucleus and 
elemental particles. A new branch 
of contemporary nuclear physics 
-perhaps the most promising of 
all-has been opened up: the 
physics of high energy particles, 
based on the new methods of ac- 
celerating charged particles. The 
rate at which this new branch is 
developing is quite remarkable, 
discovery after discovery having 
been made during the last few 
years. 

The newest accelerators have 
not only made it possible to pro- 
duce and study the deep fission of 
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atomic nuclei, but have also re- 
vealed far-reaching prospects of 
developing the artificial synthesis 
of substances. Elements with 
greater atomic weights than ura- 
nium—the transuranic elements— 
have been created one after an- 
other. With the help of accelera- 
tors, a number of new particles 
have been produced artificially, 
their properties have been stud- 
ied and a series of results of ex- 
ceptional fundamental signifi- 
cance have been obtained. All 
these manifold achievements owe 
their realization to the rapid de- 
velopment of experimental meth- 
ods enabling charged particles to 
be accelerated up to enormous 
energies. 

Cockcroft and Walton were the 
first to succeed, in 1931, in 
provoking nuclear reactions by 
means of protons accelerated di- 
rect in the permanent electric 
field of a high-voltage tube. Ex- 
tensive use has been made of the 
Van de Graaff accelerator for 
nuclear research. However, it is 
not possible by such direct meth- 
ods to accelerate particles up to 
energies of more than 5-10 MeV, 
since at very high voltage it 
is difficult to provide the neces- 
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sary insulation and avoid punc- 
ture. Physicists preferred to aban- 
don the frontal attack on the 
problem in favour of an indirect 
approach. High voltages can be 
dispensed with if the particles to 
be accelerated are made to pass 
many times through one and the 
same relatively small fall in po- 
tential so that they gradually gain 
the required energy. 

There are several ways of do- 
ing this. Although it is possible 
that some of them, such as the 
linear accelerator, will be widely 
used in future, accelerators in 
which the particles follow closed 
or almost closed paths have so far 
been of the greatest value. Such 
machines are usually known as 
cyclical accelerators. From now 
on I shall confine myself to cycli- 
cal accelerators, because it is pre- 
cisely these machines which have 
made it possible for us to pene- 
trate into the field of ultra-high 
energies. Above all, I shall talk 
about the cyclotron. 

As you know, the celebrated 
Lawrence cyclotron is a machine 
in which charged particles, mov- 
ing under the influence of a 
magnetic field in almost closed 
orbits and continually returning, 
as a result of that movement, to 
the gap between the dees, across 
which there is a relatively small 
difference of potential, traverse 
the same unidirectional electric 
field many times and thus rapidly 
gain energy. 
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As the velocity of the particle 
increases so the radius of the cir. 
cle it describes through the uni- 
form magnetic field, and hence 
the length of its path between 
successive traversals of the ac. 
celerating field, also increases. 

The principle on which the 
cyclotron works is based on the 
fact that until the particle has 
gained a very considerable 
amount of energy, the time, T, 
which it takes to complete one 
circuit in the uniform magnetic 
field is independent of its veloc- 
ity. The time is proportional to 
the ratio of the radius of the 
circle in which the particle is 
moving to its velocity. As the 
radius itself is proportional to 
the velocity 


i a MVC 

He (1) 
the ratio is independent of the 
velocity. Hence, if the frequency 
of the alternating electric field 
used to accelerate the particle is 
made equal to the frequency of 


revolution of the particles 
He 
= =) 0 2) 
- MC f (4 


the particles will move in reso- 
nance with the electric field and 
will continuously gain energy; the 
“rhythm” of the movement of the 
particles in the magnetic field and 
the rhythm of the electric field ac- 
celerating them (which periodi- 


cally changes direction) then 
coincide. 
The successes achieved with 
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the help of the cyclotron, and 
with that of the betatron cyclical 
accelerator, which first appeared 
in 1940, but of which I cannot 
speak in detail for lack of time, 
were accompanied by a rapid 
improvement in these machines 
and more intensive study of the 
mechanics of their operation. As 
regards the betatron, this accel- 
erator is not in practice suitable 
for accelerating heavy particles, 
and can be used only for accel- 
erating electrons. But what the 
physicist really needed for the 
study of nuclear forces was pro- 
jectiles capable of acting effec- 
tively on atomic nuclei, i.e. the 
nuclear particles: protons, deuter- 
ons etc. The main hopes therefore 
naturally centered on the cyclo- 
tron. However, it was found rel- 
atively quickly that it is impos- 
sible with the cyclotron to impart 
very high energies to charged 
particles. 

Actually, equation (2) shows 
that the frequency of revolution 
of the particles in the cyclotron 
depends on their mass. As the 
energy increases, the mass of the 
particles, which in equation (2) 
we assumed to be constant, also 
increases, in accordance with the 
laws of relativity, with the result 
that the resonance between the 
frequency of ~evolution and the 
frequency, Wf, of the alternating 
electric field accelerating the 
particles is upset. 


Owing to this disturbance of 
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the resonance condition when 
higher energies are reached, the 
maximum energy which can in 
practice be imparted to, for ex- 
ample, protons accelerated in the 
cyclotron is of the order of 10-20 
MeV. 

Despite a number of attempts 
to solve the problem, the tech- 
nique of accelerating particles in 
the cyclotron remained at the 
level mentioned, in respect of 
maximum attainable particle en- 
ergy, for more than ten years. It 
seemed that the gateway to sub- 
stantially higher energies was 
hermetically sealed. To all ap- 
pearances—and this point of view 
was widely accepted —the _in- 
crease in mass due to relativity 
effectively limited the possibility 
of accelerating charged particles 
by resonance. 

However, I and a little later, 
McMillan at Berkeley, California, 
succeeded in showing that this 
view was mistaken, and that the 
resonance method of acceleration 
still held vast, unexploited pos- 
sibilities. 

I would like, if you will allow 
me, to describe this development 
in somewhat greater detail, and 
to try to explain the very simple 
considerations which made it pos- 
sible eleven years ago to break 
this dead-lock and lay the founda- 
tions of a new and, it must be 
admitted, highly complex tech- 
nique of accelerating particles in 
the field of ultra-high energies. 
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I must go back a little. My 
feeling is that to some extent the 
doubts felt about the resonance 
method arose from the fact that, 
in analysing the mechanics of ac- 
celeration in the cyclotron, those 
concerned always, in fact, stop- 
ped halfway. They always con- 
sidered one part only of the 
complete cycle movement of 
the particles—the part in which 
energy increases with time. No 
attention was paid to the fact 
that, taking the process asa whole, 
the change in a particle’s energy 
in the cyclotron in no way repre- 
sents a continuous upward move- 
ment in the energy scale, but 
corresponds much more closely to 
the behaviour of a pendulum, the 
kinetic energy of which alternate- 
ly increases to a maximum and 
falls to zero. I shall now try to 
explain this, at first sight perhaps 
paradoxical, assertion. 

Let us see how the process of 
changing the energy of particles 
in the cyclotron takes place. At 
first, as the energy increases, the 
velocity of the particles constant- 
ly rises. In addition, in accor- 
dance with the laws of relativity, 
their mass also increases. As a 
result, the radius of the circle in 
which the particles move _in- 
creases rather more rapidly than 


their velocity, and hence the 
time T 
7 2" (MoC? + W) 
J Hec (3) 


taken by the particles to complete 


12 


one revolution also gradually in- 
creases. 

As a result of this increased 
period of revolution, the particles 
will traverse the gap between the 
dees at moments such that the 
amount of energy they pick up at 
each traversal gradually diminish- 
es. Finally, at the N-th revolution, 
the particles traverse the gap at 
a moment when the electrical 
field there is zero. This completes 
the acceleration cycle. During 
succeeding revolutions, the elec- 
tric field will no longer be ac- 
celerating, but decelerating the 
particles which will have to give 
up the energy they have gained. 
The process of deceleration will 
be completely symmetrical with 
that of acceleration, and the par- 
ticles will therefore be decelera- 
ted to an energy level identical 
with that with which they began 
their journey through the accel- 
eration cycle. After this (ignoring 
the possibility of particles falling 
on the ion source) the whole pro- 
cess is repeated. Thus, the move- 
ment of the particles in the cyclo- 
tron will in fact be periodic. The 
particle will in turn find itself at 
the crest of the accelerating vol- 
tage; in the neutral “phase’, 
traversing the gap at moments 
when the accelerating voltage is 
zero; and finally, in the “phase” 
of the opposite sign, slowing 
down in the electric field between 
the dees. These changes in the 
“phase” will be periodic—I shall 
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henceforward call them the phase 
oscillations of the particles. In 
addition, the energy and orbit 
radius of the particles will also 
increase and decrease periodical- 
ly. Of course it could never have 
entered anyone’s head to use a 
real cyclotron to play such a 
senseless game in which the en- 
ergy gain won during the first 
half is completely lost in the 
second. 


Naturally, physicists have al- 
ways tried to bring the game to 
after the first half has 
gone in their favour. Hence the 
particles were used as soon as 
they had gained maximum en- 
ergy. | shall now show, however, 
that the possibility of producing 
in accelerators a phase-oscillation 
condition of this kind is of funda- 
mental importance, and promises 
the patient player a far bigger 
profit than the cyclotron can ever 
give. 


an end 


Auto-Phasing 

Let us suppose that we can 
draw up rules of play by which, 
after each complete cycle of 
phase oscillations there is a gain 
in energy in the particles. It is 
obvious that it will then be to our 
advantage to go on with the game 
as long as possible. What must 
we do, then, to realize such an 
attractive prospect? To make the 
position clear, let us remember 
that in the cyclotron the average 
energy gain in each cycle of 
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phase oscillations is zero only be- 
cause the oscillations are symmet- 
rical. When traversing the decel- 
erating field, a particle loses ex- 
actly the same amount of energy 
as it gains while passing through 
the gap between the dees at 
moments when the field is ac- 
celerating it. The “point of equi- 
librium” round which the phase 
oscillations occur is therefore that 
value of the phase of the electric 
field at which the drop in poten- 
tial between the dees is zero— 
the neutral phase. Let us now try 
to displace the point round which 
the phase oscillations occur into 
the region of the positive phase. 

It is easy to see that in this 
case, on completion of each cycle 
of phase oscillations, the particle 
retains a very marked energy 
gain. 

Actually, the phase oscillations 
will now occur just as before, but 
in the process the particle either 
will not pass at all through the 
gap between the dees at moments 
when the electric field is decel- 
erating the particles*, or gain 
energy during the greater part of 
the cycle and give it up only dur- 
ing the lesser part. 

The energy gained during the 
first half will be greater than that 
given up during the second part 
of the cycle. Provided we can 
maintain such a condition for a 
sufficiently long time, the energy 
© Provided that the amplitude of the oscil- 


lations is less than the displacement of 
the phase-equilibrium point from neutral. 
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imparted to the particles can be 
raised to any desired level. 

What is required to create such 
conditions? 

It appears (and this was not 
grasped for a long time) that in 
fact very little is required, and 
that the condition just described 
can be produced by a few very 
simple means. 

It can be most simply pro- 
duced by slowly changing in 
time, using the method of trial 
and error, any of the parameters 
of the accelerator, such as the 
strength of the magnetic field or 
the frequency of the accelerating 
electric field. Let us consider, for 
example, an accelerator in which 
the frequency is constant but 
the field increases (slowly on 
comparison with the period of 
revolution) with time. 


It is at once clear from equa- 
tion (3) that in this case there 
will always be bunches of par- 
ticles which, traversing the gap 
between the dees, will experience 
an increase in energy but will 
nevertheless be shifted in phase 
in opposite directions to one an- 
other. Actually, particles experi- 
encing an increase in energy in- 
sufficient to compensate the 
reduction in the length of one 
revolution caused by the increase 
in the magnetic field during that 
revolution, will undergo phase 
displacement towards the side of 
increasing energy gains. Con- 
versely, particles gaining more 
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energy than is required to main- 
tain a constant period of revolu- 
tion will be displaced to the side 
of diminishing energy gains. Thus 
it is obvious that the phases of 
both bunches of particles will os- 
cillate about the point of stable 
equilibrium lying within the 
range of differences in potential 
accelerating the particles. 

As the average gain in energy 
per cycle of phase oscillations is 
equal to the product of the num- 
ber of revolutions completed 
during the cycle and the “equilib- 
rium” potential differences, the 
increase in energy experienced by 
these particles will be the same as 
for those which may have been 
in the “equilibrium phase” from 
the outset of the process, and 
hence went through no_ phase 
oscillations. Obviously, this pro- 
cess of accmulating energy, i.e., of 
accelerating the particles, will 
continue until the phase-equilib- 
rium point lies above zero, which 
will be when the magnetic field 
begins to increase at a uniform 
rate or the frequency of the elec- 
tric field accelerating the particles 
begins to decrease. 

The condition described has 
been given the name of “auto- 
phasing”. It is evident that auto- 
phasing will work only where the 
magnitude of the drop in poten- 
tial between the dees, accelera- 
ting the particles, is greater than 
the voltage corresponding to the 
point of equilibrium. It should be 
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mentioned that the invention and 
construction of the betatron made 
a substantial contribution to the 
development of accelerators 
working on the auto-phasing sys- 
tem. The equilibrium energy gain 
acquired by a particle during one 
revolution in auto-phasing accel- 
erators is very small as compared, 
for example, with the cyclotron, 
and therefore, as in the betatron, 
the particles have to travel a very 
long way in order to acquire very 
high energies. It follows that with 
these accelerators care must be 
taken to ensure that movement is 
stable and that, in the process of 
acceleration, particles do not 
stray from the straight and nar- 
row path and destroy themselves 
on the walls of the vacuum cham- 
ber. The necessary conditions for 
that were already elucidated and 
put into practice in the construc- 
tion of the betatron. 


Part 2 


Auto-phasing has shown itself 
to be an unusually fruitful prin- 
cipal, which makes it possible to 
move up the energy scale ex- 
ceptionally quickly. 

Modern resonance accelerators 
based on the principle of auto- 
phasing have raised the upper 
energy limit obtainable in the 
cyclotron a thousandfold, en- 
abling protons to be accelerated 
to energies of 109—101° eV, and 
possibly to even higher orders. 
Resonance electron accelerators— 
synchrotrons—enable these par- 
to be accelerated up to 
1,000 MeV and apparently the 
limit here has not yet been reach- 
ed. I shall go into this question in 
a little more detail and would 
now like to explain—very briefly, 
of course—the characteristic fea- 
tures of the basic types of cyclical 
resonance accelerators. 


ticles 


will appear in the December Issue. 


Speed of Sound Analyzes Chemicals 


>» ULTRASONIC sound speed meas- 
ured in alcohols, ethers, esters 
and other liquid organic chemi- 
cals has given scientists a way to 
calculate molecular weight, sur- 
face tension and viscosity, three 
important properties of any liq- 
uid, from the velocity of sound 
measured in the liquid. Dr. Dud- 
ley Thompson, associate professor 
at the Virginia Polytechnical In- 
stitute, and N. N. Bakhshi, re- 
search assistant in the Depart- 
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ment of Chemical Engineering, 
have developed mathematical 
equations showing direct relation- 
ship between these properties. 
Their results extend the general 
rules, such as that velocity of 
sound in a liquid increases as the 
length of the molecule increases, 
that the introduction of a heavier 
atom into the molecule reduces 
the velocity of sound and _ that 
ethers and esters transmit sound 
in the same way. 
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How to Use Isotopes 
As Radioactive Tracers 


Isotopes in Technology 
Part 1. 


by P. C. Arpersoip, U. 


® RaDIOISOTOPES are exceedingly 
abundant and widely useful by- 
products of nuclear reactors. They 
are a peaceful development of 
atomic energy that is already 
bringing rich benefits to humanity. 
Reactor radioisotopes have now 
been distributed extensively for 
nine years and their use has 
grown rapidly. Yet, they are still 
far from attaining their vast 
world-wide potential for gaining 
new knowledge and improving 
health and welfare. 


As has been true for other nu- 
clear developments, the concepts, 
discoveries and _ instrumentation 
which have led to the production 
and use of radioisotopes have 
been international. It is not neces- 
sary here to review the long and 
important role of radioactivity in 
science, medicine and industry, or 
how it has been the key to all nu- 
clear discovery — from the dis- 
covery of radioactivity itself, to 
the nuclear atom, and eventually 
to uranium fission. It is interest- 
ing to note however that the one 
element, uranium, has had both a 
singular and rejuvenated role as 
a source of radioactivity. Uranium 
first brought to man’s attention in 
1896 the phenomenon of radioac- 
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tivity, in itself a form of nuclear 
energy (although not then recog- 
nized as such); now almost 60 
years later it provides by means 
of the uranium chain reaction a 
tremendous source of both useful 
energy and a broad array of new 
radioactive species. Uranium, 
source of many useful natural 
radioisotopes, has thus also be- 
come through the reactor the ma- 
jor source of the more numerous 
and more widely applicable man- 
made radioisotopes. 


Basic Lore Well Known 

Since the discoveries and inven- 
tions basic to production and use 
of radioisotopes have been inter- 
national and are well known to 
technical persons, they need not 
be referred to here. The publish- 
ed works related to radioisotopes, 
including characteristics, produc- 
tion, measurement, techniques, 
radiological safety and utilization 
in all fields of application, consti- 
tute an enormous world-wide 
literature. It would be almost im- 
possible to give proper credit for 
or even to list major publications 
pertinent to all developments or 
topics discussed in this broad sur- 
vey paper. Literature references 


will thus not be attempted. 
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Furthermore, in presenting sta- 
tistics on distribution or illustra- 
tions of usefulness it has been 
necessary to refer to the program 
and experience in the U.S.A. This 
is because of greater familiarity 
with that program and is not due 
to lack of recognition of extensive 
distribution by several countries 
such as Canada, Great Britain, 
France and Norway and use by 
over 50 nations throughout the 
world. 

Since most discussed in 
this paper are in technology and 
industry, they will of course have 
more application for nations with 
greater technological develop- 
ment. The basic principles of use 
may however be applied to spe- 
cial problems of many nations. 
Uses in science, agriculture and 
medicine will of course have uni- 
versal application. 


uses 


Points About Isotopes 
No single measure can be given 
for evaluating the importance of 
tools of research and application 
so variedly and extensively used 
as isotopes. The endeavor to sum- 
marize the importance in this 
paper will be made on the basis 
of the following: 
1. Great inherent power of iso- 
topes in tracer 
techniques. 


or indicator 

2. Tremendous range in intensity 
and radiation energy of radio- 
isotope sources. 


3. Rapid growth in utilization. 
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4. Wide applicability of 
principles of use. 

5. Specific illustrations of useful- 
ness in various fields. 

6. Present and potential value of 
uses. 

7. Significance of isotope techni- 
ques and applications in the 
overall development of peace- 
ful use of atomic energy. 
The sensitivity of the isotope 

tracer technique depends on de- 

tection of the isotopic label after 
dilution with other atoms of the 

same element. Dilution with a- 

toms of dissimilar elements can 

usually be eliminated if necessary 
by chemical separations. 

If a stable isotope with a neu- 
tral abundance of about 1%, such 
as C 13, were concentrated to 
100% abundance, it could be di- 
luted only about 10+ times with 
normal carbon and still be detect- 
ed. This is of course suitable for 
some experiments, but is a serious 
limitation for many. A stable iso- 
tope with a higher natural abun- 
dance would have a smaller limit 
of possible dilution. Deuterium, 
with a natural abundance of only 
0.15% and obtainable almost iso- 
topically pure, presents a most 
favorable stable isotope tracer. 
In this case, using a mass spec- 
trometer, a dilution with normal 
hydrogen by almost 106 times is 
detectable although with difficul- 
ty. 

The dilution attainable with a 
radioactive tracer depends on 





available activity per gram of the 
element, efficiency of the detector 
and reliability of detection above 
the natural radiation background. 
For example, “carrier-free” or 
100% phosphorus 32, has an activ- 
ity of about 2.9 x 10° curies/g or 
6.4 x 1017 disintegrations/min/g. 
With ordinary Geiger counter 
methods one can readily detect 
less than 20 counts/min above 
background or around 10-16 
grams of P 32. If the sample is 
diluted with stable phosphorus, 
self-absorption will reduce the 
amount detectable. However, self- 
absorption is greatly reduced and 
counting efficiency increased by 
new methods where the radio- 
material is placed inside a liquid 
scintillation medium or gas count- 
er. Using latest low-level counting 
techniques, in which the natural 
radiation background is mini- 
mized by shielding and anti-coin- 
cidence methods, it is possible to 
measure radioisotope samples 
containing only a few disintegra- 
tions/min/g. For carrier-free P 32 
this would in theory permit a 
dilution with ordinary phosphorus 
of about 1017. 


Even if this dilution is “theo- 
retical”, it is obvious that P 32 can 
be readily detected after tremen- 
dous dilution. Many other useful 
isotopes, such as I 131, have very 
high carrier-free activity and can 
be detected with comparable 
sensitivity. 


18 


In case the element has a radio- 
active isotope in nature, as for 
example H 3 and C 14, this ac- 
tivity becomes an inescapable part 
of the natural background for this 
element. For “living” ( biosphere) 
carbon the activity is about 13 d/ 
min/g, whereas for carrier-free 
C 14 the activity is about 101 
d/min/g. Theoretically, therefore, 
C 14 could be traced after dilu- 
tion in “living” carbon almost a 
million million times. Tritium has 
an activity of about 2 x 1016 d/ 
min/g, and its natural specific 
activity is extremely minute, con- 
sequently it can be traced through 
an even greater dilution than C 
14. Such sensitivities of detection 
are millions of times greater than 
for any other means. 


Specific Labelling 

In addition, the isotopic label- 
ing technique can be unquestion- 
ably specific. An isotope of an 
element is chemically identical 
with the element, except for a 
small “isotope effect” in chemical 
reactions affected by difference in 
isotope mass. The isotope effect is 
demonstrated by altered reaction 
rates, but not by qualitative dif- 
ference in mechanism of reaction. 
Difference in reaction rates is con- 
siderable only for isotopes of 
great mass difference, such as 
those of hydrogen, but is demon- 
strable for isotopes of carbon. The 
effect can be taken into account 
however when it affects quantita- 
tive experiments. 
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Several criteria must be met for 
an isotope to serve as a “perfect” 
tracer. The dose of radiation or 
amount of chemical added, must 
not affect the reaction studied. 
Also the isotopic label must be in 
the proper chemical state, or af- 
fixed in the proper molecular loca- 
tion. These criteria however are 
in general readily satisfied. 

Available counting techniques 
permit almost any tracer experi- 
ment to be accomplished with 
amounts of radioactivity very 
much less than might affect the 
system. To avoid adding chemi- 
cally toxic amounts of the tracer, 
it is often necessary to have very 
high specific activity material. 
Radioisotopes made by transmuta- 
tion or fission are obtainable al- 
most carrier-free, hence specfic 
activity is generally no problem. 
Radioisotopes produced by neu- 
tron absorption may have to be 
irradiated in a high flux reactor 
to meet this criteria. Reactors with 
fluxes in the range of 101% to 1014 
neutrons/cm?/sec produce _ suf- 
ficiently high specific activity in 
even the most toxic elements. 

Techniques of multiple labeling 
with isotopes provide additional 
means of achieving specificity in 
tracer experiments. Different por- 
tions of a molecule can be labeled 
simultaneously with two or more 
isotopes. Double or even triple 
labeling of organic compounds is 
accomplished with such isotopes 


as H 2, H 3, C 13, C 14, N 15, 
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P 32, and S 35. Such labeling per- 
mits simultaneously tracing in- 
dividual portions of a complex 
molecule, thereby checking molec- 
ular decomposition as well as 
eliminating the question of exact 
reproducibility of experiments. 
Identification 

It is usually possible to identify 
positively a radioactive isotope by 
its radiation and/or half-life. With 
proportional or scintillation count- 
ers and pulse-height discrimina- 
tion circuits, it is often possible to 
use several radiotracers simul- 
taneously in an experiment and 
count them separately without 
chemical separation. Further, with 
such discrimination equipment, it 
is possible to do accurate neutron 
activation analysis. The material 
to be analyzed is irradiated in a 
reactor, and the induced radio- 
activities are differentiated. This 
technique can identify parts per 
million or even million million of 
certain elements. The method has 
limitations however. A high flux 
of neutrons is required; the un- 
known element must be suitably 
activated; and too many radioiso- 
topes with similar radiation char- 
acteristics must not be produced 
simultaneously. 

Other special powerful analyti- 
cal procedures are possible with 
radioisotopes. Mention should be 
made of various types of “isotopic 
dilution” techniques. An isotope- 
labeled compound of known iso- 
topic ratio may first be added to a 
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system containing the unlabeled 
compound. Then after thorough 
mixing, an isotopic analysis of the 
altered ratio for an unknown por- 
tion of the total gives the dilution 
of the isotopic label and thereby 
a quantitative measurement of the 
total amount of the compound 
originally present. This technique 
is useful when the system is very 
large or the compound cannot be 
quantitatively extracted. 

A similar isotope technique is 
used to determine the success of 
chemical purification. The desired 
pure compound is properly syn- 
thesized with a radioisotope label. 
This is then mixed homogeneously 
with the compound being puri- 
fied, and the specific activity de- 
termined. If after repeated purif- 
ications the specific activity of the 
compound remains constant, max- 
imum purification has _ been 
achieved with the procedure. Use 
of this technique, along with 
chromatographic, electrophoresis 
and ion exchange separations, re- 
veals constituents below conven- 
tional criteria of chemical purity. 
Autoradiography 

Autoradiography should also be 
noted as a sensitive and detailed 
detection for radioisotopes. It 
uses a photographic emulsion to 
obtain a picture of the distribu- 
tion of radioactivity, for example, 
detailed location of radiomaterial 
in tissues or cells, or in grain 
structure of metals. With fine- 
grain nuclear emulsions, resolu- 


20 


tion can be achieved down to 
about 5 microns. A new high-res- 
olution wet-process autoradio- 
graphy uses a very thin layer of 
sensitized silver bromide capable 
of giving resolution down to one 
micron. Although this is far from 
the resolution obtainable with 
good microscopes, when com- 
bined with the tracer technique it 
provides information not obtain- 
able in other ways. 


Versatility 

Great versatility is possible in 
the labeling of materials with 
isotopes. Useful radioisotope trac- 
ers can be produced for most 
elements. Fortunately, for those 
elements having radioistopes with 
half lives too short for tracer 
work, such as nitrogen and oxy- 
gen, one can use concentrated 
stable isotopes (N 15 and O 18), 
In a few cases such as fluorine 
and copper, however, stable iso- 
tope tracing is not feasible, and the 
radioisotope also has a_ limited 
life. Aluminum was in the latter 
category, but recently a long-lived 
isotope Al 26 has been produced 
by cyclotron bombardment of 
magnesium and, although obtain- 
able only in low yield, may pro- 
vide a tracer for this important 
element. The over-all situation for 
tracing elements is thus most for- 
tunate. Fortunately also, most of 
the important radiotracers can be 
made with a reactor. 

Further, methods have been de- 
vised for synthesizing a large 
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number of isotope-labeled com- 
pounds, either by chemical or 
biological means. Over 1000 la- 
beled compounds are now readily 
available. These include biochem- 
icals, pharmaceuticals and indus- 
trial chemicals. Techniques have 
also been devised for labeling a 
wide variety of organisms such 
as blood cells, bacteria, viruses, 
and higher organisms. Fabricated 
materials, such as piston rings 
and machine tools, can be activa- 
ted directly by irradiation in the 
reactor. The total result is a very 
large number of elements, com- 
pounds, materials and organisms 
which have been made radioac- 
tive for tracer studies. 

The radiotracer technique thus 
has the combined power of tre- 
mendous sensitivity, unquestioned 
specificity and wide versatility. 
Such a great extension of power 

| of observation supports the pre- 
diction that isotopes may become 
a scientific tool as routinely and 
widely necessary as a microscope. 


Isotopes as Sources 

In addition to use as tracers, 
radioisotopes have another broad 
and important category of appli- 
cation as sources of radiation. For 
this use chemical identity is not 
the major interest but rather the 
character and output of radiation 
of the radioisotope. Here also 
radioisotopes are very versatile. 
They provide alpha, beta, gamma 
and in some cases x-ray sources. 
Also, by secondary means, they 
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may provide x-ray and neutron 
sources. The range of available 
radiation energies and half lives is 
broad enough to cover require- 
ments for a large variety of prac- 
tical uses. 

Reactors provide radioisotopes 
in far greater intensities and at 
much lower cost than do natural 
sources of particle accelerators. 
The tremendous production ca- 
pacity of the reactor, while very 
desirable to produce isotopes even 
for tracer uses, is absolutely es- 
sential for wide-scale application 
of radioisotopes as radiation 
sources. For example, the activity 
of gamma ray emitting isotopes 
now used in radiography totals 
thousands of curies, and for tele- 
therapy of cancer the ultimate use 
will total hundreds of thousands 
of curies. Large-scale sterilization 
of foods and drugs would require 
millions of curies. 


Polonium 210 

The only reactor-produced al- 
pha emitter now used widely in 
industry is polonium 210. It is 
not only useful as an alpha source, 
as in self-luminous compounds 
and static eliminators, but is ex- 
tensively used with beryllium for 
neutron sources. Reactor produc- 
tion far surpasses the normal sup- 
plies of natural polonium and at 
much less cost. Po-Be sources 
containing 50 curies or more per 
source are readily available. The 
yield of neutrons averages about 
2.3 x 106 n/sec/curie. Many Po- 








TABLE I 
Important reactor-produced pure beta ray emitting radioisotopes 


Element Isotope 

Hydrogen H 3 
Carbon C 14 
Phosphorus P 32 
Sulfur S 35 
Calcium Ca 45 
Strontium Sr 90 
Thallium Tl 204 


° From daughter Y 90 


Be neutron sources are used for 
neutron “logging” of oil wells and 
other techniques which depend on 
neutron reflection from hydrogen- 
ous material. 

Other alpha-ray emitters, such 
as plutonium 239, can be pro- 
duced by reactors. Some of these 
would have certain advantages 
over polonium, particularly in 
longer half life, but their appli- 
cations as sources await further 
development. 


Beta Emitters 

Table I is a list of some impor- 
tant (because of large production 
or number of uses) reactor-pro- 
duced pure beta-ray emitters. 
Many others are available but 
those listed cover beta-ray ener- 
gies from 19 kev for H 3 to 2.24 
mev for the Y 90 daughter of Sr 
90. The half lives also have a 
range from 14.3 days for P 32 to 
about 5700 years for C 14. The 
isotopes from H 3 to Ca 45 are 
all routinely produced by trans- 
mutation and have very high spe- 
cific activity. They also constitute 
isotopes of body elements and 
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Half-Life Energy of Radiation 


12.5 years 0.019 mev 
5700 years 0.155 
14.3 days 1.712 
87.1 days 0.166 
164 days 0.25 
28 years 2.24*°, 0.54 
4.0 years 0.77 


accordingly are widely used in 
biology and medicine. 

Sr 90 is extracted from uranium 
fission wastes and Tl] 204 is pro- 
duced by reactor irradiation of 
thallium. These two beta emitters 
find wide industrial use at pres- 
ent, because of the combination 
of long life and energetic radia- 
tion. For some industrial applica- 
tions, however, the low-energy 
beta rays of H 3 are useful. Be- 
cause H 3 can be produced cheap- 
ly, is comparatively safe to handle 
and has a desirable half life, it 
should come into extensive indus- 
trial use. 

Gamma Emitters 

Table II is a list of currently 
important gamma-ray emitters 
which are producible in high 
intensities and large activities by 
the reactor. Other gamma-ray 
emitters, especially those from fis- 
sion products, can be produced 
cheaply in quantity and may in 
time become important gamma 
sources. Rarely do radioisotopes 
emit only gamma rays without 
beta rays; however, for most uses 
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Important reactor-produced beta & 


TABLE II 


gamma ray emitting radioisotopes 
Energy of Radiations 


Element Isotope Half Life Beta Gamma 

Sodium Na 24 149hours 1.39mev 2.76, 1.38 mev 

[ron Fe 55 2.9l years none K (6.2 kev x-rays) 

Iron Fe 59 46.3 days 0.46,0.27 1.10, 1.29,0.19 
1.56 

Cobalt Co 60 5.2 years 0.32 133, 1.17 

lodine [ 131 8.05days 0.61,0.34, 0.36, 0.28, 0.64, 
0.25,0.81 0.08 

Cesium Cs 137 33 years 0.518,1.18  0.662° 

Thulium Tm 170 = 127 days 0.97,0.88 0.084 

Iridium Ir 192 74.5 days 0.67, 0.54, 0.32, 0.31, 
0.24 0.30, 0.20 

Gold Au 198 2.69 days 0.97 0.411 

° From daughter Ba 137 

Note: Radiations are listed in order of abundance 

the beta rays are inconsequential x ray sources can be obtained 

or can be filtered out. Fe 55 is an from high-intensity beta-ray 


isotope with no beta rays, which, 
as the result of K electron cap- 
ture, gives soft manganese x rays 
that have special applications. 
The gamma-ray energies in 
Table II range from 0.084 mev 
for Tm 170 to 2.76 mev for Na 24. 
For biological and medical pur- 
poses, including therapy, the 
short-lived isotopes, such as Na 
24,1 131, and Au 198, are extreme- 
ly useful. Co 60 and Cs 137 find 
much industrial use because of 
their long life and high-energy 
radiation. Tm 170 is useful for 
its very low-energy gamma ray 
but its half life of 127 days calls 
for frequent source replacement. 
It should be noted that beta 
rays can excite x rays (brems- 
strahlung) and that low-intensity 
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sources. Lack of long-lived low- 
energy gamma-emitting isotopes 
has prompted the development of 
such beta-ray excited x ray 
sources. These sources can have a 
long life and a wide range of 
energy spectra; consequently many 
industrial applications can be ex- 
pected. 


Cobalt 60 

The wide interest in Co 60 
makes appropriate some remarks 
about its production. It is routine- 
ly produced with many times 
more gamma-ray output per gram 
than radium. For radiography, 


Co 60 with specific activity of 1 
to 10 curies/gram (c/g) is ex- 
cellent, whereas for teletherapy 
units material of 50 c/g or higher 


Co 60 


is desired. A 1000-curie 
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source has been produced with 
specific activity of 100 c/g, about 
10% of the stable cobalt having 
been converted to Co 60. Cana- 
dian and U. S. A. reactors are now 
scheduled to produce over 100,- 
000 curies per year of high spe- 
cific activity cobalt. It would be 
feasible to produce over 10 times 
this activity of Co 60 per year, 
especially at lower specific activ- 
ity. 

Very great amounts of fission 
products have been produced as 
byproducts of plutonium produc- 
tion, and tremendous amounts will 
result as reactors are increasingly 
used for power. Because of this, 
much attention has been given to 
development and uses of fission 
product sources. Of greatest pres- 
ent industrial interest are Cs 137 
for gamma sources and Sr 90 for 
beta sources. This is mainly be- 
cause of their long useful lives. 
Other fission products also will no 
doubt become useful in large 
quantity if they can be obtained 
economically. 


A new multikilocurie fission 
product processing plant is under 
construction at Oak Ridge Na- 
tional Laboratory and should be 
operating in late 1956. This plant 
is designed to separate and puri- 
fy many thousands of curies of 
important long-lived fission pro- 
ducts and fabricate them into 
large radiation sources. It will 


have capacity to separate approx- 
imately 200,000 curies per year 
of Cs 137 as well as thousands of 
curies of Sr 90 and other poten- 
tially useful fission products. The 
feed material for this plant will | 
be waste solution remaining after 
processing reactor fuel assemblies 
for recovery of uranium and plv- 
tonium. The plant will not only 
permit immediate development 
of uses for the large quantities of 
activity produced, but will be a 
pilot plant for even larger-scale 
production of megacurie quanti- 
ties of fission products if such 
industrial demand develops. 

A summary of radiation sources 
from the reactors would not be 
complete without noting the re- 
actors themselves as sources as 
well as their coolants and fuel 
assemblies. Arrangements can be 
made to use the tremendous 
gamma-ray flux near a reactor core 
without serious neutron effects 
Reactors with liquid-metal cool- 
ants will have large amounts of 
radiation available in the circulat- 
ing coolant. Fuel assemblies of 
high-power reactors become in- 
tensively active and while being 
“cooled” before processing can be 
used as gamma-ray sources. Fuel 
elements removed from the Ma- 
terials Testing Reactor in Idaho 
have been arranged to provide an 
irradiation test facility with gam- 
ma-ray intensities of about 10; 
000,000 roentgens per hour. 


Part 2 will appear in the December Issue. 
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Part Three of United Nations 
Report on Research Reactors 


Principal Types of Reactors 


by L. KoWARSKI 


All figures quoted below aim to 
give an idea of order of magni- 
tude for the purpose of compari- 
son. Precision is difficult, if only 
because the concepts such as the 
“average available flux”, the “Core 
volume” etc. have not yet been 
standardized. Fuller numerical 
details, together with sketches 
and plans can be found in the 
current literature. 


Each particular type can be 
mentioned only very briefly; we 
describe however in greater detail 
the two or three types which are 
likely to dominate the research 
reactor field in the near future. 


> AssEMBLIES of fuel, moderator 
and reflecting material in which 
no provision has been made for 
heat removal, can be run either 
without any shielding (power of 
the order of a few watts, flux 
close to the 107 range) or with 
some shielding which allows the 
operation at a few kilowatts. Such 
a “zero power’ reactor can consti- 
tute either the easiest introduction 
to the reactor technology in gen- 
eral, or a first step towards the 
construction of some definite nov- 
el type. In the latter case, running 
at a very low power may be re- 
quired so that the components do 
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not become radioactive and can 
be approached and studied. 
Historical specimens: the “first 
reactors” using graphite and na- 
tural uranium, such as “CP 1” 
(1942) in Chicago and “Gleep” 
(1947) in Harwell, England (the 
latter with some rudimentary cool- 
ing ). With D.O and natural uran- 
ium: “Zeep” in Canada (1945), 
“Zoé” in France (1948). In the 
present state of information and 
supply, it is unlikely that more 
such reactors will be built. On the 
contrary, the use of first-step “cri- 
tical assemblies” is likely to devel- 
op (some past examples : “Lopo” 
built in 1944 at Los Alamos as a 
prelude to the development of the 
Water Boiler type; more recent 
critical experiments with pluton- 
ium solutions; “Dimple” — a D,O 
and U assembly built in Harwell). 
A zero-power reactor requires 
appreciably (by a factor up to 2) 
less fuel and moderator than a 
full-scale reactor of a similar com- 
position provided with cooling 
and experimental facilities. 
Graphite and Natural Uranium 
Principle: A mass of graphite 
(several hundred tons) serves as 
moderator and reflector; the mass 
is traversed by numerous (several 
hundred) cylindrical channels 
through which fuel elements are 
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introduced and the cooling gas 
(usually low-pressure air) is 
blown. Specimens: The X-10 re- 
actor at Oak Ridge, Tenn. (1943); 
“Bepo” at Harwell (1948); Brook- 
haven, near New York (1950); 
research reactors being at present 
built in Belgium and Western 
Germany. Fuel: metallic U in 
cylindrical rods or cartridges, clad 
usually in Al, possibly Mg; the 
total amount of fuel in older ver- 
sions is roughly of the order of 
50 tons, whereas modern versions, 
thanks to improved quality of in- 
gredients, may contain only 20 or 
30 tons of fuel. Pouger: individual 
cases range between 3000 and 
30,000 kw. Flux: around 101? 
(highest value, reached at Brook- 
haven: about 5 . 1012). Experi- 
mental facilities: very numerous 
and convenient, owing to the 
great bulk of the reactor and the 
ease of access to the center of the 
core. 


Comment: As enriched fuel and 
heavy water become available, it 
is unlikely that many more such 
reactors will be built in the future 
for research purposes alone, since 
they are far too costly in ingredi- 
ents and cooling machinery. Gra- 
phite and natural U_ remain, 
however, of interest for power 
production, and pilot plants of 
this type may be provided with 
research facilities. It is also to be 
noted that most of the radioiso- 
tope production, for which high 
fluxes are not necessary, but great 
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volumes available for irradiation 
are useful, takes place at present 
in reactors of this type. 


Heavy Water and Natural Uranium 

This type of chain-reacting me- 
dium has been of a considerable 
importance in the research field. 
Its first representative (“CP3” of 
Argonne, near Chicago) was built 
in 1944 specifically for research 
purposes; subsequent develop- 
ment took place chiefly outside 
the United States. Specimens in 
existence or in project use a great 
variety of systems of cooling, cov- 
ering a wide range of powers and 
fluxes, from the uncooled reactors, 
already mentioned, upwards: 

(1) Cooling by unforced circu- 
lation. Convection movement car- 
ries the bulk of heavy water, in a 
closed circuit, through an external 
heat exchanger. — Specimens: 
“CP3” (1944-1951); Kjeller, Nor- 
way (1951); Chatillon (1953, re- 
placing the French uncooled reac- 
tor); Stockholm (1954). Fuel: 
pieces of metal enclosed in alu- 
minium tubes; total charge of U: 
about two or three tons. Size of 
reacting core: a few cubic meters. 
Reflector: graphite. Power: about 
100 kw per ton of uranium. Flux: 
a maximum of 1 or 2 xl0!?. At 
this flux level the radiation-induc- 
ed decomposition of D.O is sig- 
nificant enough to necessitate the 
circulation of the gaseous atmos- 
phere of the reactor tank through 
a catalytic recombination unit 
(this feature is found in all D.O- 
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moderated reactors above a certain 
power level). 

A factor 3 or so in power and 
flux could probably be gained by 
realizing all the potentialities of 
this cooling system; such a D,O 
and natural U reactor, still simple, 
might compete with the H.O and 
enriched uranium systems (see 
below), in the 1012 — 101? flux 
region. If such competition does 
take place, it will be governed by 
the availability and cost of D.O 
and enriched U. 

(2) Cooling by compressed gas. 
The only specimen (Saclay, Fran- 
ce, 1952) was the first reactor to 
be cooled by compressed gas and 
also the first D.O-moderated re- 
actor in which the coolant is 
brought to a high temperature. 
Fuel: about 3 tons of U in the 
form of metal cartridges clad with 
\l or Mg. Size of reacting core: 
about 6 cubic meters. Reflector: 
graphite. Coolant: No or CO. gas 
under a pressure of up to 10 at- 
mospheres. Maximum power: 
about 2000 kw, corresponding to 
a maximum flux of 8 x 1012. 

Gas cooling, as shown by the 
British plans for energy produc- 
tion, can probably be made 3 or 5 
times more efficient, reaching the 
fluxes of a few times 101%. For 
research purposes, however, cool- 
ing by water is probably more 
convenient at these flux levels. 


(3) Cooling by H.O. Only 
specimen: “NRX” (Chalk River, 
Canada, 1947). Fuel: about 9 tons 
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of uranium rods clad in Al. Size 
of reacting medium: about 15 
cubic meters. Cooling: ordinary 
water flowing through tubular 
channels along the rods. Reflector: 
graphite. Power: 40,000 kw. Flux: 
maximum 7 x 101%, access to nu- 
merous regions in which the flux 
is well above 101°. 

This very unique reactor offered 
for many years the highest flux in 
the world and still is remarkable 
for its numerous, large and con- 
venient experimental facilities. It 
is however more costly than most 
modern reactors and its power is 
too high according to the safety 
standards valid for most places in 
which a research reactor is likely 
to be located. The great bulk of 
the reacting medium, although not 
likely to be reproduced in modern 
designs, is an advantage from the 
experimenters point of view. In 
Canada reactor research is carri- 
ed out in a single centralized 
establishment and in such condi- 
tions, and as long as enriched fuel 
is not readily available, the NRX 
design remains competitive. 

(4) Cooling by forced circula- 
tion of D.O. A further develop- 
ment of the NRX type, with 
cooling by D.O forced along the 
fuel rods, is nearing completion at 
Chalk River. This “NRU” reactor, 
with a power substantially higher 
than that of NRX, will produce 
significant amounts of plutonium; 
it will also serve as a prototype for 
power production. Most of its de- 
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tails are classified and it cannot 
be considered as belonging to the 
research reactor class. It is how- 
ever noteworthy that such a 
multi-purpose reactor can offer 
fluxes not much smaller than those 
reached in the most efficient ex- 
isting research reactors and that 
elaborate research facilities, most- 
ly for reactor technology, have 
been provided in its design. Such 
a provision for research in non- 
research types of reactors may yet 
become an important future trend. 


Heavy Water and 
Slightly Enriched Uranium 


An interesting design recently 
completed in France (“EL3”) is 
based on the use of a fuel con- 
taining about twice the natural 
amount of U235. With this fuel, 
intermediate between natural and 
highly enriched, the characteris- 
tics of the proposed reactor fall 
between those of NRX and the 
highly-enriched type. There will 
be about half a ton of fuel in the 
form of metal cartridges; the total 
power, approaching 15,000 kw, 
will create a maximum flux of 
1014 in the center of an active 
volume of nearly 3 cubic meters. 
D.O, under forced circulation, 
acts both as moderator and cool- 
ant. 

Although the choice of these 
characteristics was dictated main- 
ly by considerations of fuel sup- 
ply, EL3, designed exclusively as 
a research reactor, may yet prove 
significant as a compromise be- 
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tween the modern trend towards 
low power and compactness, and 
the older, more spacious designs, 


The Water Boiler 

Principle: The fuel (highly en- 
riched) is dissolved in ordinary 
water; this liquid core is contain- 
ed in a small stainless-steel vessel 
surrounded by the reflector and 
shield. Unless the reactor is run 
at a very low power, the core 
vessel must be provided with a 
gas circulation system in order to 
remove (and recombine outside 
the reactor) the hydrogen and 
oxygen gases produced by the 
radiation-induced decomposition 
of the water. 

Specimens: Los Alamos (Su- 
po”), in operation since 1951) 
North Carolina State College 
(since 1953). University of Utah. 
Armour Research Foundation 
(Chicago) Projects offered by 
several private companies. Fuel: 
about 1 kg of highly enriched U 
235 in form of uranyl sulfate. 
Moderator (and solvent medium): 
ordinary water. Size of core: 
about 15 liters. Cooling: ordinary 
water flowing through a system 
of tubes immersed in the core (no 
direct contact with solution). 
Reflector: blocks of beryllia, more 
often blocks of graphite. In at 
least one project, the core vessel 
is to be surrounded by an outer 
tank containing H.O as reflector, 
the variations of water level being 
then used as the main controlling 
device. Shielding: thermal shield 
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and heavy concrete. Experimental 
facilities: thermal columns (pos- 
sibility of several); beam ports 
and experimental channels of all 
types including the all-the-way- 
through channel going through 
the core. In view of the small core 
volume, the water boiler is best 
suited for beam experiments. 

Power: Supo is run at about 
50 kw. More efficient cooling 
could push the power to 100 or 
200 kw, but beyond that the prob- 
lems of gas recombination be- 
come serious, also the highly-ra- 
dioactive liquid medium, easily 
dispersible in case of an accident, 
becomes more of a risk. 

Flux: at 100 kw, about 3 x 1012. 
Fast to slow ratio: favourable, be- 
cause of moderation by H,O. 

Variant: In a project developed 
by North American Aviation Inc. 
the enriched fuel is in the form of 
U oxide mixed homogeneously 
with graphite powder; cooling is 
by D.O circulating in a tubular 
coil. This design eliminates the 
recombination problem and some 
of the dispersion hazards; it is 
however less compact, more cost- 
ly than that of a “conventional 
water boiler” and requires a 
somewhat higher power to pro- 
duce the same flux. 


Cost: Figures quoted in litera- 
ture range between 100,000 and 
500,000 dollars. The lowest figure 
seems to correspond to a mini- 
mum of experimental facilities; in 
these 


more elaborate versions 
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facilities constitute the major cost 
item. 


The Swimming-Pool 

Principle: A single mass of or- 
dinary water (100 to 200 cbm) 
held in a concrete tank serves as 
moderator, main reflector, coolant 
and first shield. The fuel assembly 
is attached to a steel framework 
which is suspended in the pool 
from a bridge spanning the pool 
width above the water level. The 
walls of the pool provide the 
residuary shielding. 

Specimens: Oak Ridge (“Bulk 
Shielding Facility”) in operation 
since 1951. Numerous reactors in 
construction, most of which are 
scheduled to operate in 1956: 
University of Michigan. Univer- 
sity of Pennsylvania. Naval Re- 
search Laboratory (Washington). 
Watertown Arsenal (Massachu- 
setts). Wright Air Force Base. 
Battelle Institute (Columbia, 
Ohio). United Nations Confer- 
ence (Geneva, August 1955). As 
in the case of “water boilers”, pro- 
jects are offered by numerous 
American industrial companies, 
some of which are already acting 
as general contractors for reactors 
under construction. 

Fuel: 3 to 3% kg (according to 
quantity of reflector) of highly 
enriched U combined with Al in 
the way described. Bulk of the 
assembled lattice: about 50 liters. 
Moderator: ordinary water (no 
separate container for the modera- 
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ting volume, that is for the re- 
acting core, is necessary ). 

Reflector: The pool water ful- 
fils the main reflecting function. 
The efficiency is improved if the 
lattice is surrounded by graphite 
or by beryllia (a 10 cm thick BeO 
reflector can be obtained by put- 
ting, around the periphery of the 
fuel assembly, an outer layer of 
boxes similar in shape to fuel 
elements, but containing BeO in- 
stead of the U-Al combination). 

Cooling: temperature gradients 
resulting from the reaction taking 
place in the fuel plates produce a 
flow of water in the interstices be- 
tween plates. Heat is thus drawn 
into the whole bulk of pool water 
whence it is dissipated through 
walls and by evaporation. This 
spontaneous heat removal is valid 
up to power levels of about 100 
kw. To go beyond that, the pool 
water has to be circulated through 
an external heat exchanger con- 
nected with the pool volume 
through an inlet and outlet situ- 
ated near the core. A factor 10 in 
power can thus be gained; in- 
termediate power levels are tech- 
nically unprofitable. 

Flux: At 100 kw, inside the core 
(nearly unavailable for experi- 
mentation ): up to 3 x 1012. At the 
surface of the core (available) 
1012, Fast flux at the core surface: 
about 14 of the slow flux. At the 
higher power levels (recirculation 
of water ), the fluxes are about 10 
times higher. 
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Shielding and experimental fo. 
cilities: In all Swimming Pools the 
core is immersed 5-7 meters deep 
in water which affords the shield. 
ing in the upward direction. The 
sideward shielding presents varia- 
tions from one project to another, 
according to the intended use of 
the reactor. The first Swimming 
Pool (Oak Ridge) was designed 
mainly in order to observe the in- 
teraction of radiation with bulky | 
items of material, which could be 
simply immersed in water. In- 
struments and equipment can also 
be immersed, if necessary. Water- 
proofed tubes leading to the vi- | 
cinity of the core may also be 
provided. In the simplest version, 
the core can be set in a fixed posi- 
tion surrounded on all sides by 
several meters of water, and the | 
tank can be imbedded in the 
ground. In later versions the core 
was made movable between a | 
central position (for bulk experi- 
ments, as above), and a corner 
position in which the core finds 
itself in the close proximity of a 
wall (the simple rectangular 
shape of the pool may in such | 
a case be replaced by a more 
complicated one, affording a con- 
venient corner). The wall of the 
core-containing corner has then 
to be reinforced along the familiar 
lines (concrete thickness of the 
order of 1.5 or 2 meters). The 
usual beam holes and_ through 
channels can then be provided 
reaching through concrete and 
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water to the immediate vicinity 
of the core. In a design proposed 
by the Bendix Research Labora- 
tories, the proximity to wall is 
generalized to the whole perime- 
ter; such a construction repre- 
sents a transition from the “pool” 
principle to that of the “highest 
flux” type (see below). 


Summary of variants and costs: 
It results from the published 
figures that the simplest version 
of the Swimming Pool (no re- 
circulation, therefore power up to 
100 kw, and full-depth immersion 
on all sides) may cost less than a 
well-equipped Water Boiler. Such 
a Pool is a simpler reactor suited 
for bulkier and less refined experi- 
ments than those performable 
with the Boiler. 


In its most complicated vari- 
ants, as yet unconstructed (re- 
circulation, wallside-core facilities, 
available flux up to 101% and pos- 
sibly even more), the Swimming 
Pool will cost definitely more than 
the Boiler and will offer ap- 
preciably more varied research 
possibilities. 

Heavy Water and 
Highly Enriched Fuel 

Principle: D2O used as moder- 

ator, coolant and first reflector. 


Specimens: “CP5” at Argonne 
(Illinois ), in operation since 1954; 
“E443” at Harwell, England, to 
operate in 1956. (The following 
data refer to CP5). 


Fuel: A minimum charge of 1.2 
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kg of U 235 (about 90% pure) al- 
loyed and assembled with Al. 
Core volume: about 200 liters. 


Moderator and first reflector: 
about 5% tons of D2O in a single 
tank forming a 60 cm _ layer 
around the core. Second reflector: 
a 60 cm layer of graphite around 
the tank. Cooling: convection flow 
through core and bulk circulation 
of D.O through an external ex- 
changer. Shield: About 150 cm of 
heavy concrete, lined on the in- 
side with a few cm of lead. 

Flux: at 1000 kw, more than 
1013 at the maximum point inside 
the core; falls slowly to %4 x 101% 
at tank edge and affords a vast 
experimental volume with about 
101%, Available fast (virgin) flux: 
about 1012. Cooling and other 
facilities are adequate for opera- 
tion at 5000 kw (thus pushing the 
maximum towards 101+), but the 
one-megawatt ceiling is observed 
for safety reasons. 

Comment: The CP5 type pro- 
vides a high (but not the highest ) 
flux, with insistence on a large 
number of experimental facilities 
and a relatively low power. The 
future of this type depends on the 
possibility of running at higher 
powers (E 443 is intended to run 
at 10 mw and reach 1014), which 
may require a somewhat bigger 


fuel charge (3 kg in E 443). 


Highest Fluxes 


Principle: Although a D,.O- 
moderated reactor affords best 
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possibility of producing a very 
high slow flux, designers aiming at 
highest possible fluxes should not 
forget the claims of the fast-neu- 
tron research; here H.O asserts 
itself again. As regards cooling at 
highest powers per unit volume, 
both waters are theoretically 
equivalent; in practice D,O de- 
mands additional guarantees 
against pollution and loss by leak- 
age, so that the already harassed 
designer may prefer to deal with 
H,O. Water is used both for 
moderation and for cooling, but 
(in the highest-powered type) 
neither as reflector nor shield. 


Specimens: In the Materials 
Testing Reactor (“M.T.R.”, at 
Arco, Idaho), operating since 


1952, the highest-flux principles 
have been pushed to the farthest 
limit as yet reached. The details 
given below refer to this reactor. 
A preliminary reduced version 
(“L.LT.R.”) has functioned at 
Oak Ridge since 1950. More am- 
bitious reduced projects have 
been recently published by the 
Oak Ridge staff, and a powerful 
research reactor, falling however 
somewhat short of the M.T.R. 
level, is at present in construction 
at Oak Ridge (“O.R.R.”). A 
stronger version of MTR, which 
will be run at a_ substantially 
higher power and will reach ac- 
cordingly higher fluxes, is at pres- 
ent contemplated by the Ameri- 
can AEC. Fuel: 4 kg of highly en- 
riched U assembled with Al in 


standard fuel elements. Modera- 
tor: As in Swimming Pool; the 
fuel, the moderator and the first 
reflector are contained in the 
same tank. Size of core: about 100 
liters (there is room for extending 
the volume up to 170 liters), 
Cooling: H,O forced through the 
tank; at 30 megawatts the flow 
rate is 75 cbm per minute. First 
Reflector: beryllia in blocks, 
pierced with channels for cooling; 
surrounds the core with a thick- 
ness of 30-40 cm. Second Reflec- 
tor: graphite (thickness of the or- 
der of 100-150 cm.) Shield: 10 cm 
steel and 270 cm of heavy con- 
crete. 

Experimental facilities: usual 
types, some of which go through 
the highest-flux region. The Oak 
Ridge projects provide channels 
going through the core. 

Flux: (MTR at 30,000 kilo- 
watts ): maximum, situated in the 
reflector, 4 x 1014; average avail- 
able 2 x 1014; fast (virgin), aver- 
age: 1 x 1014. 

In ORR the power may reach 
10,000 kw or more, and the avail- 
able flux will be close to 101, 
within a small factor depending 
on the exact power. 

According to the published 
figures, MTR is some 5 or 6 times 
more expensive than the ORR 
project; this may point to a “law 
of diminishing returns” as applied 
to the efficiency of the present de- 


sign at highest powers and fluxes. 
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Survey of New Uses 
For Radiating Isotopes 


Cold Sterilization of Foods 


by B. E. Procror anp S. A. GoLpsLitH, 
Massachusetts Institute of Technology 


> THE PRESERVATION of food is 
one of man’s greatest blessings. 
It has permitted him to carry the 
harvest over from one season to 
another and thus defy the ever- 
present law of nature according to 
which foods begin to spoil as soon 
as they are removed from her 
protective fold. 

| Preservation of man’s food 
dates back to antiquity. The larg- 
est single means of preservation 
today, thermal processing, dates 
back to the Napoleonic era, and 
scientific heat processing origina- 
ted at the turn of the present 
century. 


lonizing Rays Discovered 
Radiation sterilization also has 
a history, comparatively brief but 
dating back, on a fundamental 
basis, to the discovery of ionizing 
radiations by Roentgen and Bec- 
} querel in 1895 and to the initial 
researchers on the _ bactericidal 
properties of these radiations 
which occurred shortly thereafter. 
The developments in radiation 
sources made in the 1930's and 
1940's disclosed new potentialities 
for the beneficial uses 
types of energy sources. 
In 1943 research experiments 
were initiated at the Massachu- 


of such 
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setts Institute of Technology in 
Cambridge, Mass., that were des- 
tined only a decade later to result 
in a multimillion dollar research 
effort in numerous laboratories in 
the United States. These investi- 
gations may lead to practical 
applications of ionizing radiations 
as a means of sterilization in the 
food, drug, and pharmaceutical 
fields. In fact, such application is 
already on the verge of commer- 
cial utilization in the pharmaceu- 
tical field. 

From 1945 until 1948 research 
on the microbiological effects of 
ionizing radiations was limited to 
a small number of laboratories in 
the United States. In 1949 a re- 
search center in Great Britain 
became active in this field. In 
1950, under sponsorship of the 
United States Atomic Energy 
Commission, research activity in 
the peacetime uses of the atom 
for sterilization and _preserva- 
tion purposes increased, and a 
number of excellent laboratories 
began applying their skills in 
their several particular disciplines 
toward solving the problems fac- 
ing commercial utilization of ra- 
diation sterilization. 


Our discussion of the various 
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phases of this development is 
based largely on investigations 
conducted by our group at M.LT., 
and citations are directed to pub- 
lications that may amplify the 
necessarily brief factual data that 
can be encompassed in this limit- 
ed report. 

Early in our research we were 
able to demonstrate the ability of 
these radiations to destroy all 
types of microorganisms in every 
conceivable type of package, so 
long as the dimensions of the 
package did not exceed the limi- 
tations imposed by the particular 
type of energy level of radiations 
used. In addition to these find- 
ings, we have been able to demon- 
strate that the species of organism 
is the prime factor in determining 
the magnitude of the sterilizing 
dose. This fact has since been con- 
firmed by many other investiga- 
tors. 

Environment Factors 

Later research has shown the 
importance of environment fac- 
tors in the survival ratios of micro- 
organisms exposed to ionizing 
radiations. 

More recently we have obtained 
interesting data on the microbio- 
logical factors involved in radia- 
tion sterilization. These data 
indicate the hazards in applying 
any one set formula for the use 
of ionizing radiations to destroy 
all species of microorganisms that 
may contaminate a food. They 
also demonstrate the necessity of 
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time-consuming, tedious research 
under the particular experimental 
conditions to be encountered jp 
processing with each particular 
contaminating species. 


. — 


The examples cited above re- 
late to experiments conducted 
with B. subtilis spores and with E. 
coli. The data obtained for these 
two organisms illustrate one of 
the interesting facets of the micro- 
biological effects of radiations, 
The data obtained for E. coli 
might well have been predicted 
theoretically, from the qualitative 
standpoint at least. The results 
obtained with B. subtilis spores, 
on the other hand, were quite 
contrary to accepted theory and 
could not have been predicted. 


—_——— 


Research on the microbiological 
effects of radiations may be con- 
sidered to be further advanced 
than research on some other as- 
pects. Studies are in progress at 
present on the complementary 
effects of heat and_ radiation, 
which may greatly reduce the re- 
quirements for particular species 
of organisms. 


a 


— 


Studies in our own laboratories 
are underway on applying, to 
radiation processing, certain fun- 
damental nutritional and environ- 
mental factors known to speed 
germination of spores. These 
studies may well lead to other 
means of obtaining increasing 
economy in the doses of radiation 
used. 

The chemical effects of ionizing 
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radiations on foods have not been 
overlooked in these pioneering 
experimental years. 

Early in our experiments it was 
observed that radiations affect 
isolated components of a mixed 
solution of nutrients in vitro to a 
greater or less degree, dependent 
on the particular component, its 
concentration in solution, its pur- 
itv, and the radiation dose. In 
vitro, each particular nutrient 
might be classified as to its rela- 
tive radio-sensitivity. The types of 
effects that might be observed in- 
clude (where applicable) decar- 
boxylation, deamination, cleavage 
of aromatic rings, oxidation of 
sulfhydryl groups, and many oth- 
ers. With niacin and para-amino- 
benzoic acid, radioactive tracers 
have been used to study the na- 
ture of the effect. 

These indirect effects of radia- 
tions, which occur as the result of 
the absorption of large amounts 
of energy in the radiation sterili- 
zation process, exhibit not only 
the phenomena associated with 
dilution, rate of reaction, and tem- 
perature dependence to be ex- 
pected according to the indirect 
action theory but also the phe- 
nomenon of protection in mixed 
systems. 

Because enzymes are, for the 
most part, protein molecules, they 
might well be expected to react 
to ionizing radiations as do pro- 
teins or other solutes. They 


NOVEMBER, 1955 


XUM 


exhibit the same phenomena as- 
sociated with dilution, tempera- 
ture, and protection that are 
observed with proteins, amino 
acids, and other molecules of 
biological importance. As a con- 
sequence, enzymes are not com- 
pletely inactivated by sterilizing 
doses of ionizing radiation. In 
fact, under a number of conditions 
enzymes are neither completely 
inactivated nor even inactivated 
to a desirable extent by doses of 
ionizing radiations ten to twenty 
times the magnitude of those 
doses required for sterilization. 
Enzyme Inactivation 

Because the spoilage of certain 
foods occurs partly through en- 
zymatic action, it is usually neces- 
sary that these biological catalysts 
be inactivated. In most thermal 
processes the amount of heat used 
for sterilization is sufficient to 
inactivate the enzymes, but in ra- 
diation sterilization (“cold steril- 
ization”) some other means for 
enzyme inactivation could be used 
to advantage. The possibility of 
applying high frequency electron- 
ic heating is intriguing. Such 
application may well prove to be 
feasible, as it is a rapid, efficient, 
and satisfactory method for this 
purpose. The properly controlled 
use of microwave heating results 
in even heating throughout the 
mass of food and thereby avoids 
overheating of the exterior surface 
while producing only the minimal 
quantity of heat needed for en- 
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zyme inactivation in the interior 
of the food mass. 

Some indirect effects of ionizing 
energy have given rise to the 
greatest problems existing today in 
radiation sterilization, namely, 
changes in color, texture, and 
flavor of irradiated foods. The 
fundamental studies mentioned 
above have suggested several 
technological means of obviating 
these undesirable side-reactions. 
These include (a) irradiation of 
food in the frozen state, (b) irra- 
diation in inert atmospheres, and 
(c) addition of free-radical ac- 
ceptors. 

It may be that all three of these 
technological means are really one 
and the same fundamentally, that 
is, a means of reducing the indi- 
rect effect of radiation, leaving 
only the direct effect for destroy- 
ing microorganisms. 

Irradiation of Food 

Fundamental investigations are 
being conducted today to study 
the basic changes that take place 
in food materials when irradiated. 
The premise is made that once 
the type(s) of changes in complex 
food materials is known, the pos- 
sibility of finding means of avoid- 
ing or minimizing these should 
logically follow. 

In addition to the chemical 
changes occurring in the protein 
components of irradiated foods, 
modifications in the structure of 
carbohydrates are observed. The 
changes in lipoidal material have 
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been studied by several investiga. 
tors, with interesting results. The 
data obtained indicate the com. 
plex interaction that takes place \ 
among the many components of | 
which foods are comprised. 

The basic effect of ionizing 
radiations responsible for destruc. 
tion of nutrients is probably also 
the simultaneous cause of changes 
in flavor, and any means of re. } 
ducing the one effect will, a priori, 
be a means of reducing the other 
effect. 

Testing for Toxicity 

These same indirect effects have | 
also given rise to speculation as to 
whether any compound of a toxic 
nature might be produced by 
these radiations. The United | 
States Food and Drug Adminis- 
tration has given its views on the 
required testing procedure. This 
testing is not easy or inexpensive, 
and details of the procedure are 
frequently subjects of controversy. 
For instance, it has been stated 
that laboratory animals should be 
fed with irradiated food material 
in such an amount that a positive 
answer (if there can be one) } 
should be obtained. 

In other words, to determine 
the factor of safety, it is stipulated 
that one should ascertain what 
irradiation dose will produce 
changes of a toxic nature in foods. 
The procedure suggested to ac- 
complish this is to over-irradiate 
a food by a dose ten times, for 
example, as great as the sterilizing 
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dose. Such a procedure, however, 
may cause certain fallacies. For 
instance let us assume that Com- 
pound B is a toxic compound 
produced by irradiation from 
Compound A (precursor com- 
pound) in a food. Increasing the 
irradiation dose may _ produce 
more of Compound B but it may 
also have an entirely different 
effect, that of producing Com- 
pound C from Compound B. 
Compound C may be entirely in- 
nocuous. Such a combination of 
circumstances might result in a 
misleading of 
| security. This example points out 
the difficulties in this particular 
problem alone. 


= A 


false and sense 


In two toxicity studies that have 
been published to date, evidence 
has been lacking that ionizing 
radiations produce compounds of 
a toxic nature in foods. Destruc- 
tion of nutrients has been noted, 
but this occurs even with conven- 
tional heat processing and is not 
unexpected. 


Feeding Studies 

Research to study this impor- 
tant point thoroughly is being 
conducted today in many labora- 
tories in the United States under 
sponsorship of the Quartermaster 
Corps of the Department of the 
Army and with the scientific 
supervision of the Office of the 
Surgeon General. Not only are 
animal feeding studies and chemi- 
cal studies underway, but also 
feeding studies with humans. 
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A problem closely related to 
that of wholesomeness or toxicity 
of irradiated foods is that of a 
possbily induced radioactivity in 
irradiated foods. This may be stat- 
ed theoretically to be a function 
of the type of radiation to be used, 
the energy level, the cross-section 
of the precursor element, and its 
relative isotopic abundance. With 
fast electrons or gamma rays, in- 
duced radioactivity should theo- 
retically not occur below 8 to 10 
m.e.v. (million electron volts). 
Studies are in progress in our lab- 
oratories at the Massachusetts 
Institute of Technology and else- 
where to ascertain the particular 
energy level of fast electrons nec- 
essary to produce induced radio- 
activity, the particular species of 
isotope, and the quantity of the 
isotope (if any) produced. 

Recent research (thus far un- 
published ) on the sterilization of 
milk in these laboratories has 
indicated that many of the unde- 
sirable changes taking place in 
irradiated foods occur almost im- 
mediately. Therefore, any efforts 
to avoid these undesirable changes 
must, a priori, be made during or 
before the irradiation process. 
This research has resulted in a 
technique for obtaining an organ- 
oleptically acceptable milk pro- 
duct treated by ionizing radiation 
in doses up to 10® rep, (roentgen- 
equivalent-physical ). 

Concurrent with the develop- 
ments just mentioned, great 
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strides have been made in the 
design, fabrication, and utilization 
of radiation sources. Multi-kilo- 
watt sources of fast electrons are 
now available at increasing en- 
ergy levels, and kilocurie isotopic 
sources have been developed. 
Designs for reactors for this pur- 
pose, as well as megacurie isotopic 
sources are now in fabrication. 
All this has been partly instrumen- 
tal in enabling increases in the 
research effort in this field. 

There are problems relating to 
the use of these sources of radia- 
tion, however, just as there are 
problems relating to irradiated 
foods. For example, there is a 
continually occurring economic 
loss in the use of an_ isotopic 
source because of its nuclear dis- 
integration and the necessity for 
replenishment of the source. 
Location of Plants 

Theoretically it would be most 
efficient if this nuclear energy 
could at all times be absorbed by 
foods requiring sterilization. Since 
many food plants are widely dis- 
persed in location and _ their 
operation is often highly seasonal 
in nature, this is not possible. 
Plants that operate 24 hours daily 
throughout the year are in the 
minority, and many now work 
only one 8-hour shift per day, five 
days a week. Even from the stand- 
point of location alone, it would 
be difficult for such plants to tie 
in with projected future nuclear 
power stations, which are unlikely 
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to be established in the most flour. 
ishing rural agricultural regions, 

The use of particle accelerators 
presents problems as well. These 
relate to the tremendous amount 
of development necessary to pro- 
duce machines of high output 
reliably delivered over extended 
periods of time during the harvest 
season. 


mee 


Packages also present certain 
problems, because during storage 
a food material can be of no bet- 
ter quality than the functional 
properties of the package in which 
it is contained. Plastic containers 
have been suggested for use in 
the radiation sterilization of foods 
and drugs. Some of these contain- 
ers require study to determine the 
effect of the radiations on them. 
It is known, for example, that cer- 
tain plastics degrade on irradiation 
whereas others crosslink. The 
question arises whether 
changes affect the functional prop- 
erties of the containers. In stud- 
ies conducted in our laboratories 
on certain plastics, no such effects 
have been observed. Further study 
is necessary with other plastics. 
Packaging 

Because in general, the penetra- 
bility of radiations into foods is 
related to the product of thickness 
and density of the packaging ma- 
terial, it is obvious that a metal 
container as thin and of as low 
density as possible is desirable. 
The metal containers designed for 
use in this field of research need 





CHEMISTRY 


these | 





not b 
thern 
need 
press 
ings 
sult. 
To 
on fo 
State 
it po 
vestii 
sever 
socia 
in th 
tion 
man} 
cult 
steril 
labor 
ed § 
field. 
‘al i 
play 
outh 
stan 
of 
prov 
Use | 
C 
pear 
exan 
phar 
men 
ucts 
are | 
tera! 
ass 
steri 
Bec: 
ture 
com 


Nov 





ur- 
Ns, 
Ors 
ese 
unt 
r0- 
put 
led 


Jest 


tain 
age 
bet- 
yal 
rich 
ners 
> in 
ods 
‘ain- 
the 
em 
cer- 
ition 
The 


hese ' 


Op 
stud- 
ories 
Fects 
study 
cs. 


vetra- 
ds is 
kness 
> ma- 
metal 
; low 
rable. 
»d for 
need 


(ISTRY 


not be so rigid as those used for 
thermal processing because they 
need not withstand the heavy 
pressures of retorting. Hence sav- 
ings in metal containers may re- 
sult. 

Today the accelerated research 
on food sterilization in the United 
States, alluded to above, has made 
it possible for many research in- 
vestigators well skilled in their 
several disciplines to become as- 
sociated with those already active 
in the field of radiation steriliza- 
tion and to participate in solving 
many of the important and diffi- 
cult problems facing radiation 
sterilization. Over thirty research 
laboratories throughout the Unit- 
ed States are now active in this 
field. Both food and pharmaceuti- 
cal industrial laboratories are also 
playing an important role, and the 
outlook for more complete under- 
standing and possible utilization 
of radiation sterilization is 
proving. 


im- 


Use For Pharmaceuticals 

Certain limited applications ap- 
pear today to be possible. For 
example, it seems possible that 
pharmaceuticals such as_ oint- 
ments, antibiotics, and other prod- 
ucts of microbial metabolism that 
are heat labile and certain paren- 
terally administered products such 
as steroidal compounds may be 
sterilized by ionizing radiations. 
Because pharmaceuticals or mix- 
tures thereof are relatively simple 
compounds as compared with 
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foods, they lend themselves more 
readily to tests for chemical 
changes induced by ionizing ra- 
diations. Also the changes pro- 
duced in pharmaceuticals by 
irradiation are less in degree than 
those in foods. These facts, com- 
bined with the relatively greater 
cost of pharmaceuticals, the eco- 
nomic structure of drug distribu- 
tion, and the smaller overall mass 
of a drug per unit package cause 
us to predict again that the first 
industrial application of radiation 
sterilization may be with pharma- 
ceuticals. 

This research has also resulted 
in another interesting and impor- 
tant application of ionizing radia- 
tions, namely, the sterilization of 
segments of human aortae for 
subsequent surgical transplant in 
persons suffering from coarctation 
of the aorta. Although this is a 
relatively small-volume applica- 
tion of ionizing radiations, it is 
one of great importance and one 
that has already been of great 
value in saving lives. 

Another promising application 
of radiation sterilization is in the 
field of surgical sutures. Irradia- 
tion will do away with separate 
heat sterilization of sutures and 
ampoule and aseptic handling 
of the suture through the filling 
stage. This will result in a better 
product with respect to tensile 
strength. 

lonizing radiations may also be 
used for the sterilization of the 
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surface of certain foods, to in- 
crease shelf life. Such foodstuffs 
as comminuted meats’ in casings 
may have their shelf life greatly 
increased if cathode rays of low 
energy level are used to reduce 
their surface contamination. 

The research of Doty and 
Wachter has pointed to the five- 
fold increase in shelf life of meats 
irradiated with low doses of gam- 
ma_ radiation 100,000 
rep). 


(less than 


Research at the Department ot 
Food Technology of the Massa- 
chusetts Institute of Technology 
has shown that by the application 
of free-radical acceptors, the ir- 
radiation dose may be increased 
to 800,000 rep without detectable 
side reactions, and the shelf life 
of irradiated comminuted meats 
at 36° to 40° F. may be increased 
from 5 to 7 days for the control 
sample to three months for the 
irradiated product. Similar prom- 
ising results in preservation have 
been obtained with other meat 
products. 


For Killing Insects 

It has been found that insects 
can be destroyed by relatively low 
doses of ionizing radiations (less 
than 50,000 rep). This finding 
points out one of the more prom- 
ising applications of ionizing 
radiations and one that may be a 
means of saving many millions of 
dollars now lost annually because 
of destruction of cereals by in- 
sects. The relatively low dose of 
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radiation required for insect erad- 
ication in grain products results 
in a comparably reduced cost of 
preservation. 

The recent work of Sparrow 
and Christensen has shown that 
ionizing radiations successfully in- 
hibit sprouting of potatoes at low 
doses (approximately 20,000 ro. 
entgens) and thus the storage 
life of these potatoes is increased 
by many months. Whether this 
method can compete with cheni- 
cal means of inhibition is as yet 
unknown. 

Summing up the activities of 
the decade now drawing to a 
close, one might say that the hori- 
zons have been scanned in respect 
to the many factors relating to a 
possible new method of food pres- 
ervation using ionizing radiations 
and a method providing an ex- 
tension of food storage life for 
perishable foods, accomplishments 
that may have a pertinent influ- 
ence on the food processes of the 
future. 

That foods, pharmaceuticals, 
and tissues may be adequately 
sterilized by ionizing radiations is 
now an established fact, and the 
levels and types of radiation that 
may accomplish this sterilization 
are known. 

For this method to be successful 
for a wide variety of foods, ex- 
tended research will be required 
into many specific and fundamen- 
tal factors, largely chemical in 
character, which are severally and 
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simultaneously affected by the ex- 
tent and magnitude of radiation 
exposure. This is because the con- 
comitant results of other changes, 
such as changes in flavor, color, 
and texture which sometimes oc- 
cur during the sterilization period, 
may necessitate modification by 
some additional treatment. 

On the assumption that the 
above difficulties may be allevia- 
ted the result of sufficient 
application of research and sub- 
sequent process control, economic 
establishment of the available ra- 
diation sources is obviously neces- 
sary if these sources are to be put 
to optimum use. Because the pro- 
cessing of fruits, vegetables, and 
fish in the United States is highly 
seasonal and the processing plants 
are widely separated geograph- 
ically, atomic radiation sources 
would be used only a relatively 
small portion of the year and thus 
would be unused and depreciate 


as 


Stud y Sugar in 


> Is AN IMBALANCE of sugars in 
a baby’s body related to common 
disorders such as diarrhea, colic 
and disgestive disturbances? 

Dr. Robert Ulstrom, pediatri- 
cian at the Medical Center at 
the University of California at 
Los Angeles, is seeking the an- 
swer to this question in a long 
range study being performed 
under an award for research in 
infant nutrition by the Gerber 
Baby Foods Fund. 
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during the remainder of the year. 
The processing of meats and dairy 
products is not limited to the same 
extent, although the quantities of 
raw materials for these products 
may vary greatly during different 
parts of a given year. 

If research is continued at pres- 
ent levels toward solution of the 
problems cited above, it would 
seem conservative to predict the 
initiation of commercial processes 
for irradiation sterilization of 
some pharmaceuticals, foods, tis- 
sues, and packaging materials in 
the present decade. To accom- 
plish this will require the best 
type of scientific cooperation, dili- 
gence, and interchange of ideas, 
in the splendid manner that 
this meeting has made _ possible 
through the combined activities 
of the many participating nations, 
whose scientists are attending. 
May we look forward to more 
such meetings in the future. 


Baby Diseases 


The important role of glucose 
in body processes is well estab- 
lished, Dr. Ulstrom points out. 
But little is known about the 
roles of the other sugars. These 
include lactose, found in milk, 
and fructose and galactose, con- 
tained in prepared baby foods. 

There has been some sugges- 
tion that in some infants with 
diarrhea the body has a_ high 
galactose and low glucose con- 
tent. 
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For The Home Lab 


Magnesium 


by Burton L. Hawk 


> Durinc the eighteenth century, 
a strange white powder appeared 
in Italy and was widely sold as a 
“cure-all”. The compound, known 
as magnesia alba, was quite popu- 
lar and consequently its composi- 
tion and source were kept secret. 
Naturally, the insatiable curiosity 
of the scientist would not allow 
this condition to exist for long, 
and the chemist Friedrich Hoff- 
mann soon prepared the powder 
from the mother liquors of com- 
mon salt. We doubt very much 
that he knew he was experiment- 
ing with a new element. 

It remained for the illustrious 
Sir Humphry Davy to obtain the 
first magnesium in the metallic 
state. He isolated a very small 
quantity of it during the series of 
his famous electrochemical ex- 
periments performed in 1808 — 
the same year in which he isola- 
ted barium, strontium, calcium, 
and boron. (Sodium and _potas- 
sium were isolated the year be- 
fore). It was not until 1831 that 
magnesium was obtained in any 
sizeable quantity by Bussy, a 
French chemist. He prepared the 
metal by heating magnesium chlo- 
ride with metallic potassium — a 
difficult and dangerous experi- 
ment to perform even today. 

As with many of the elements, 
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magnesium was then forgotten 
until recent years. Now its pop- 
ularity is increasing rapidly. An 
interesting proof of this is that the 
production of magnesium in 1944 
in the United States was 100 times 
more than that produced in 1939! 

Magnesium is stronger and 
lighter than aluminum. It forms 
many useful alloys which are re- 
sistant to wear and _ corrosion, 
easily machined, resonant, light, 
strong, and good conductors of 
heat. 

In powder or thin strip form 
magnesium burns with a brilliant 
white light which is rich in short 
wave lengths. Thus it is the prin- 
cipal ingredient in flashlight pow- 
ders for photography. 

Holding it in tongs or pliers, 
ignite a 2-inch strip of magnesium 
metal. Do not stare directly into 
the blinding light. Note the white 
ash remaining. Burn a few strips 
and collect the ash in a mortar. 
Grind to a powder. This is chief- 
ly magnesium oxide, MgO, along 
with the nitride, Mg.N.. The 
oxide mixed with water forms the 
hydroxide, Mg (OH).. A suspen- 
sion of the hydroxide in water is 
sold as the familiar anti-acid laxa- 
tive, “milk of magnesia”. It is best 
prepared in the laboratory by 
adding an alkali (such as sodium 
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solution of a 

magnesium salt (such as 

chloride or sulfate ). 

Or, to put it another way, mix lye 

with Epsom salts and obtain milk 

of magnesia! 

Flashlight powder consists of 
powdered magnesium with an ox- 
idizing agent. Carefully mix to- 
gether 4 parts of finely powdered 
potassium nitrate with one part 
of magnesium powder. Place in a 
metal pan and sprinkle a little 
sulfur on top of it. Ignite the mix- 
ture with touch paper. A blinding 
white fire results. Remember the 
four rules which must always be 
observed when 
with pyrotechnics: 

1) Mix immediately before us- 

ing. 

) Use only small quantities. 

) Keep your face away. 

) Ignite in a_ place’ where 
sparks will not reach flamma- 
ble objects, preferably out- 
doors. 


hvdroxice to a 
soluble 
magnesium 


experimenting 
9 
; 
3 
{ 


The touch paper which is used as 
a fuse may be prepared by soak- 
ing strips of filter paper in con- 
centrated potassium nitrate solu- 
tion and then drying. 

Magnesium is quite active and 
will dissolve in most acids (ex- 
cept hydrofluoric). Place in four 
test tubes dilute solutions of ace- 
tic, hydrochloric, nitric, and sul- 
furie acids. Drop a small strip of 
clean magnesium into each solu- 


tion. Note how rapidly it dis- 


solves. You now have solutions of 


magnesium acetate, chloride, ni- 
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trate and sulfate. The latter is the 
well-known “Epsom salts”. Mag- 
nesium sulfate was first separated 
from mineral waters at Epsom, 
England over 200 years ago and 
has been known by the name Ep- 
som salts ever since. If you want 


to prepare it, continue to add 
magnesium to the sulfuric acid 
until no more dissolves. Dilute 


with water, filter, and evaporate 
almost to dryness. Then let stand 
in a warm place until the crystals 
form. Of course this is an expen- 
sive and impractical way of pre- 
paring Epsom salts; it is not 
prepared this way commercially. 
You have now prepared Epsom 
salts from magnesium metal. Our 
next project for you is to take the 
Epsom salts and convert it back 
to the metal! 

It may surprise you to know 
that magnesium will also dissolve 
in ordinary baking soda. To dem- 
onstrate, prepare a concentrated 
solution of baking soda and drop 
a small strip of clean magnesium 
into it. Note the bubbles that be- 
gin to form as the metal gradual- 
ly disintegrates. It is similarly 
affected by ammonium chloride 
solution. 

Magnesium is located high in 
the Electromotive Series and will 
displace many metals from solu- 
tion. Drop a piece of clean mag- 
nesium in silver nitrate solution. 
Soon the magnesium is complete- 
ly dissolved and in its place will 
remain sparkling crystals of pure 
silver. You can try displacing oth- 













































er metals from their solutions such 
as zinc, nickel, iron, copper, mer- 
cury, tin, lead, ete. 

The uses of magnesium and its 
compounds are manifold. The al- 
loys are used extensively in air- 
planes, automobiles, and _ boats; 
also, in sewing machines, type- 
writers and conveyor equipment, 
light-weight ladders, and many 
other types of engines, machinery, 
and tools. Both milk of magnesia 
and Epsom salts, already dis- 
cussed, are used in medicine. The 
oxide is also used in tooth pow- 
ders and toilet powders. Mixed 
with magnesium chloride it forms 
a strong cement known as mag- 
nesia cement, Sorel’s cement, or 
zylolith. It is further used as a 
heat insulator in the form of 
porous fire brick or as a plaster. 
When CO, is passed into milk of 
magnesia a compound with the 
formula 4MgCO..Mg(OH )..- 


5H, 0 is obtained. This compound 
mixed with asbestos is known 
as 85 per cent magnesia, widely 
used as an insulation for boilers 
and pipe lines. The mineral cal- 
cium-magnesium metasilicate is 
known as asbestos. The mineral 
known as soapstone is hydrated 
magnesium silicate. In pulverized 
form it is known as talc and is 
the main component of talcum 
powders. The highly efficient dry- 
ing agent, anhydrone, is anhydr- 
ous magnesium perchlorate. Many 
more uses of this versatile metal 
and its compounds can be listed, 
but we must stop some time. 
The newest source of magne- 
sium compounds is from the sea 
which represents a practically in- 
exhaustible supply. Magnesium 
chloride is extracted from the wa- 
ter. The compound is fused and 
the metal obtained by electrolysis. 


Detects Small Amounts of Metal 


> How to pick a very small 
amount of metal out of a very 
dilute solution, for example the 
iron, zinc and manganese out of 
a half-cup of maple syrup in a 
quart of water, has been found by 
two scientists at General Electric 
Research Laboratory. 

By using ion exchange resins 
similar to those in water soften- 
ing apparatus but made into the 
form of a thin film, Drs. W. T. 
Grubb and P. D. Zemany have 
located by X-ray spectrography 
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on the surface of the resin all of 
the minute amount of metal com- 
pound they had put into a test 
solution. The solution had been 
stirred for several hours in a dish 
containing the thin resin film. The 
metal from the test solution ad- 
hered to the film, where it was 
identified and measured by the 
X-ray method. The authors of the 
new method believe it extends 
this form of X-ray examination 
into new areas beyond the range 
of previous methods. 
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DEVELOPMENT OF THE 
Concert OF ELEecrric CHARGE: 
Electricity from the Greeks to 
Coulomb—Case 8 of the Harvard 
Case Histories in Experimental 
Science—Duane Roller and Duane 
H. D. Roller—Harvard University, 
97 p., illus., paper, $1.60. Tracing 
the interesting story of the be- 
ginnings of our knowledge of a 
most important scientific phenom- 
enon. 


THI 


SELECTED BIBLIOGRAPHY ON AL- 
cAE: Number three—Nova Scotia 
Research Foundation. 74 p., pa- 
per, free upon request direct to 
publisher, Dennis Building, Gran- 
ville Street, Halifax, N. S. In- 
cluding besides utilization of this 
plant, sections on biological, bo- 
tanical, and ecological studies and 
on the chemical structure of sea- 
weed extracts. 


ComposiTION OF Basic NICKEL 
CaRBONATES — Jonathan T. Car- 
riel and Wilbur J. Singley, Jr.— 
Mellon Institute, 5 p., illus., pa- 
per, free upon request direct to 
publisher, 4400 Fifth Ave., Pitts- 
burgh 13, Pa. Bearing on the 
problem of catalyst preparation. 


Marvets OF InpustRIAL Scr- 
ENCE — Burr W. Leyson—Dutton, 
189 p., illus., $3.50. The informa- 
tion necessary so that we may put 
industry's new products to the 
uses for which they are best 
suited. 
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Grass REINFORCED PLaAsTICS — 
Phillip Morgan, Ed.—Philosophi- 
cal Library, 248 p., illus., $10.00 
Contributions on varied aspects 
of the subject brought together 
from not easily available sources. 

ACETYLENIC COMPOUNDS IN OR- 
GANIC SyNTHEsIS — R. A. Raphael 
—Academic 219 p., $6.20. A crit- 
ical, practical approach to the 
subject for organic chemists, es- 
pecially those engaged in syn- 
thetic operations. 

CHEMISORPTION — B. M. W. 
Trapnell — Academic, 265 p., 
illus., $6.80. Written to fill a gap 
in existing literature. 

THe ELEMENTS OF CHROMA- 
TOGRAPHY — Trevor Illtyd Wil- 
liams—Philosophical Library, 90 
p., illus., $3.75. For university 
students and research workers. 

THe CoLLtom CHEMISTRY OF 
SILICA AND SiLicaTes — Ralph K. 
Iler—Cornell University Press, 324 
p., illus., $5.50. Information from 
the fields of geology, mineralogy, 
agronomy, and zoology, as well 
as from chemistry. 

MATHEMATICS FOR THE CHEM- 
ist: Mathematical Analysis for 
Chemists, Physicists and Chemi- 
cal Engineers — G. J. Kynch— 
Academic, 356 p., illus., $4.80. For 
chemistry students and older 
chemists who want to become 
acquainted with the new types 
of mathematics now in vogue. 
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> POLYAMIDE resins alloyed with 
epoxy resins are hard and tough, 
stick to practically anything, and 
have good electrical properties. 
General Mills makes the poly- 
amide resins under the trade 
name Versamid, and has revised 
its numbering system to cover the 
whole family of these useful sub- 
stances, manufactured by the 
company’s Chemical Division at 
Kankakee, Ill. For more informa- 
tion, write General Mills, 
400 Second Avenue &., 
apolis 1, Minn. 

> AN IMPROVED autrometer, in- 
troduced at the National Metal 
Exposition in Philadelphia, is of- 
fered by the Research and Con- 
trol Instrument Division of North 
American Philips Co., 750 South 
Fulton Ave., Mt. Vernon, N. Y. 
Literature on all Norelco Instru- 
ments may be had by writing to 
that address. 

> A NEW CONTROLLED volume 
pump with instrument air stroke 
length adjustment is described in 
Bulletin 955, available by writing 
Milton Roy Company, Station 0, 
1300 East Mermaid Lane, Phila- 
delphia 18, Pa. 

> Data SHEET E-51(3) describes 
the Type K-2 Potentiometer and 
lists the accessories required for 
typical measurements. A copy 
will be sent on request to Leeds & 
Northrup Co., 4934 Stenton Ave- 
nue. Philadelphia 44, Penna. 


Inc., 
Minne- 
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Proudly Presented 


> INFORMATION about molybde. { 
num as a catalyst, including a sec. 
tion on how to choose a specific 
form of it for a particular use, is 
contained in a 24-page booklet, 
“Molybdenum Catalysts for In- 
dustrial Processes”, offered by * 
Climax Molybdenum Co., Dept. 
L., 500 Fifth Ave., New York 36, 
N. Y. 
> AN INFORMATIONAL folder on 
Trona soda ash has been prepared 
by American Potash & Chemical + 
Corporation for use in such in- 
dustries as glass, mining and 
metallurgy, soaps and detergents, 
plywood and adhesives, and 
chemical processing. Copies of the 
bulletin can be obtained by 
writing American Potash & Chem- 
ical Corporation, 3030 West Sixth 
Street, Los Angeles 54, California. 
> SyntTHETIC rubber research by 
industrial, institution and gover- 
mental groups between 1942 and 
1953 is summarized in a 4-volume 
compilation of abstracts prepared 
by the Research and Develop- 
ment Division, Reconstruction 
Finance Corporation. These may 
be ordered from the Office of 
Technical Services, U.S. Depart- 
ment of Commerce, Washington 
25, D. C., at $5.00 per set: PB 
111736 Abstracts of Technical 
Papers from the Government 
Synthetic Rubber Program. 
Full text also on microfilm from 
the Library of Congress. 
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You Can Help Their Understanding 


with CHEMISTRY 





Dear Christmas Giver: 


Many of your friends whose names are on your Christmas list have a keen 
curiosity about the WHY and HOW of the chemical world. We are devoted 
to the idea that chemistry is a science that can be understood, and we invite 
your cooperation in proving this to these friends. 


That boy or girl in high school or in college, that wife of a scientist, that 
business man or lawyer, that professional chemist, that teacher — they will 
appreciate CHEMISTRY. 


Coming nine times a year (one issue a big special one), CHEMISTRY in 
its easily handled pocket size costs only $4.00 a year. If TWO or more 
subscriptions are ordered at one time (your own renewal can be one of them), 
the cost is $4.00 for the first and $3.00 for each additional subscription. All 
gift subscriptions will begin with the September issue, the four fall issues 
being mailed in one package with a specially designed Christmas card announc- 
ing your gift. 


Think over your friends and relatives with the grand hobby of collecting 
knowledge and give them CHEMISTRY for Christmas. Just send us their names 
and addresses on the convenient order blank on the other side of this page. 


The Editors of CHEMISTRY 


NoveMBER, 1955 47 
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CHEMISTRY 


— Give Chemistry Year Books For Christmas 





THE CHEMISTRY WE USE 


Experiments for your Home Lab on the air we breathe, the water we 
drink, the food we eat, the clothing we wear, the coins we spend, and 
other chemical matters in our daily lives. Fully indexed, cloth bound. 


Postpaid $2.00 
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SCIENTIFIC INSTRUMENTS YOU CAN MAKE 


Directions for making these instruments: stroboscope, cloud chamber, 


oscilloscope, ultrasonic wave generator, spectrograph, Geiger counter, 


scintilloscope, relay calculator, astronomical camera; also mathematical 


— | constructions and chromatography methods. These constructions and 
swal | instruments have been made by high school boys and girls. You can 
build your own, and use them to carry on your own scientific research 


projects. Fully indexed, cloth bound. Postpaid $2.00 


\ SCIENCE EXHIBITS 


Science Exhibits tells you how to select your material, how to plan 

its presentation, how to display, to label and to light it, how to de- 

scribe the work you have done, how to tell about it so that those who 

__.__ |_ think science is “too difficult” will understand and share your enthus- 
ewal . sm. Contains new samples of research project reports of the 
Science Talent Searches conducted annually by Science Service for 

, the Westinghouse Science Scholarships. Fully indexed, cloth bound. 


Postpaid $2.00 


THE CHEMICAL ELEMENTS 

Their properties, sources, most important isotopes, characteristic 
comp@unds, places in the periodic table and the qualitative analysis 
scheme, and the histories of their discoveries, all brought together in a 


compact handbook. Fully indexed, cloth bound. Postpaid $2.00 





Order from SCIENCE SERVICE, 1719 N St. N.W., Washington 6, D. C. 
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